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PROSTAGLANDIN ANALOGUES AS EP4 RECEPTOR AGONISTS 

This invention relates to certain 8-aza-ll-deoxy prostaglandin analogues, and 
associated pharmaceutical compositions, methods for use as selective prostaglandin EP4 
agonists, and methods of preparation thereof. 

5 There are many references in the literature to prosts^landins or prostanoids (PGs), 

term which is generic to natural and synthetic prostaglandins and prostaglandin-like 
compounds, and it is well known that even slight differences in their chemical structures 
stereochemical configurations will have profound effects on their biological activity. 

Prostaglandins or prostanoids (PGs) are a group of bioactive compounds derived 
10 from membrane phosphoUpids, and are formed from 20-carbon essential fetty acids and 
cyclopentane ring. They fall into several main classes designated by letters and are 
distinguished by substitutions to the cyclopentane ring. The main classes are further 
subdivided by subscripts 1, 2, or 3 which reflect their fatty acid precursors. 

An example of a particular species of the prostaglandin £ is PG£2 , with the 
15 following structure: 




At present four different receptor subtypes of PGE2 receptors are known and they are 
designated EPu EP2, EP3, and EP4. 
20 Uses for compounds possessing binding activity similar to PGE2 comprise the 

prevention and /or treatment of immunological diseases (autoimmune diseases, organ 

Wb/24.06.2002 
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transplantation, etc.), asthma, abnonnal bone fonnation, neuronal cell death, thrombosis 
and stroke, hepatopathy, abortion, male and female sexual dysfunction, premature birth, 
inflammation such as riieumatoid arthritis, or retina neuropathy disorders such as 
glaucoma. 

5 Prostaglandins and their associated receptors are more fully described in for 

example: M. Abramovitz et al. The Utilization of Recombinant Prostanoid Receptors to 
Detennine the Affinities and Selectivities of Prostaglandins and Related Analogs, 
Biochimica et Biophysica Acta 2000, 1483, 285-293. 

The involvement of prostaglandin E receptor agonists in bone resorption is 

10 described in, e.g., T. Suzawa et al, The Role of Prostaglandin E Receptor Subtypes in 
Bone Resorption: An Analysis Usmg Specific Agonists for the Respective EPs, 
Endocrinology 2000, 141, 1554-1559; K. Ono et al, Important Role of EP4, a Subtype of 
Prostaglandin (PG) E Receptor, in Osteoclast-like Cell Formation from Mouse Bone 
Marrow CeUs Induced by PGE2, /. of Endocrinology 1998, 158, R1-R5; M. Suda et al., 

15 Prostaglandin E Receptor Subtypes in Mouse Osteoblastic Cell Line, Endocrinology 1996, 
137, 1698-1705. 

These selective prostaglandin E receptor agonists are also useful for the treatment 
of gastric lesions, see e.g. H. Araki, et al The Roles of Prostaglandin E Receptor Subtypes 
in the Cytoprotective Action of Prostaglandin E2 in Rat Stomach, Aliment Pharmacol 

20 Ther. 2000, 14 (Suppl. 1), 116-124; T. Kunikata, et al. E Type Prostaglandin Inhibits 
Indomethacin-Induced Small Intestinal Lesions Through EP3 and EP4 Receptors: A Study 
Using Rats and Knockout Mice, Gastroenterology 118, abstract #3787. 

Other uses of prostaglandin E receptor agonists are for improvement of kidney 
function as described in, e.g., M. D. Breyer, et al. Prostaglandin E Receptors and the 

25 Kidney, Am. J. Physiol 2000, 279, F12-F23, and K. E. Purdy, et aL, EPi and EP4 Receptors 
Mediate Prostaglandin E2 Actions in the Microcirculation of Rat Kidney, Am. J. Physiol 
2000, 279, F755-F764; for thrombosis and stroke as well as for other conditions v^here an 
inhibition of platelet aggregation would be beneficial as described in, e.g., B. Z. S. Paul, et 
al Distribution of Prostaglandin IP and EP Receptor Subtypes and Isoforms in Platelets 

30 and Human Umbilical Artery Smooth Muscle Cells, Br. J. Haematol 1998, 102, 1204-121 1; 
for antiinflammatory effects through inhibition of TNF-alpha generation as described in, 
e.g. K. K. Meja, et al Characterization of prostanoid receptor(s) on human blood 
monocytes at which prostaglandin E2 inhibits lipopolysaccharide-induced tumor necrosis 
factor-alpha generation, Br. J. Pharmacol 1997, 122, 149-157, and A. Eigler, etal Anti- 

35 inflammatory activities of cAMP-devating agents: enhancement of IL- 10 synthesis and 
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concurrent suppression of TNF production, /. Leukoc Biol 1998, 63, 101-107; or for 
glaucoma as described in, e.g., M. Takamatsu, et at Localization of Prostaglandin E 
Receptor Subtypes in The Ciliary Body of Mouse Eye, Sip. Eye Res. 2000, 70, 623-628, and 
D. F- Woodward, et aly Molecular Characterization and Ocular Hypotensive Properties of 
5 the Prostanoid EP2 Receptor, /. OcuL Pharmacol Ther. 1995, J J, 447. 

Treatment of impotence and/or erectile dysfunction by using prostaglandins that 
are selective EP2 and/or EP4 receptor agonists have been disclosed in International 
Application Publication No. WO 99/02164 assigned to Pharmacia & Upjohn AB. 

Additional information relating to prostaglandins and their receptors is described in 
10 Goodman & Gillman's, The Pharmacological Basis of Therapeutics, ninth edition, 
McGraw-Hill, New Yoik, 1996, Chapter 26, pages 601-616. 

8-Aza-ll-de6xy-prostaglandin analogs corresponding to PGE2 would have the 
following structure: 




OH 



15 8-Aza-l 1-deoxy-prostaglandin 



Substitution of a nitrogen for the carbon at C-8 causes a change in the three 
dimensional conformation of the residtant prostaglandin, and because structure is related 
to biological activity, such a conformational change will have a profound effect upon the 
20 biological activity. 8-Aza- 1 1-deoxy prostaglandin E analogues with the natural side chains 
have been reported in the literature, see e.g. BE 841,165, assigned to Syntex USA, Inc. 

Compounds of this invention are 8-azaprostaglandins with a non-natural side 
chain on the C-12 position of the pyrrolidone ring ( following prostaglandin 
nomenclature), said chain containing a heterocydyl, an aryl or a heteroaryl ring at the C-15 
25 position of the chain. These compounds have high selectivity in their EP4 receptor agonist 
activity. The increase in selectivity would alleviate the severe side eflfects frequentiy 
observed following administration of non-sdective prostaglandins agonists. Therefore 
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compounds of this invention are desirable. 

This invention relates to compounds comprising Formula I: 




wherdn: 

A is -CH2-CH2-, or -CH=CH-; 
B is absent, aryl, or heteroaryl; 

Z is -C(0)OR', -C(0)NR'R", -CCONSOjR', -PR'(0)(OR'), -PO(OR')2, or tetrazol- 
10 5-)d; wherein R' and R" are independently from each other hydrogen or 

(Ci.C6)alkyl; 

m is 1, 2, 3, 4, 5, or 6; 

R^ is alkyl, alkenyl, alkynyl, cycloalkylalkyl, heterocydylalkyl, aryl, arylalkyl or 
heteroaryl, when B is aryl or heteroaryl and R^, R^ R^ and R^ are not 
15 simultaneously hydrogen, or B} is heterocydylalkyl, aryl, or heteroar)d when B is 

absent and R^ R^, R^ and R^ are simultaneously hydrogen; 

R^ is hydrogen or (Ci.C6)alkjd, (Ci.C6)alkenyl, or (Ci.C6)alkyn)d; 

R^R^R^andR^ are each independently from each other hydrogen or (Ci-Q) 
alkyl; or R^ and R^, R^ and R^ or R^ and R^ taken together with the atom to which 
20 they are attached may form a (C3-C7) alkyl ring; or 

a pharmaceutically acceptable salt or solvate, single isomer or racemic or non-racemic 
mixture of isomers thereof. 



In another aspect the invention rdates to pharmaceutical compositions containing 
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a therapeutically eflfective amount of at least one compound of Fomiula I or its 
pharmaceutically acceptable salt or solvate, prodrug, single isomer or racemic or non- 
racemic mixture of isomers in admixture with at least one suitable carrier, diluent or 
exdpient. 

5 In another aspect the invention provides a method of treatment of a disease, in 

particular a bone disease, in a mammal treatable by administration of a prostaglandin EP4 
receptor agonist, comprising administration of a therapeutically eflfective amount of a 
compound of Formula I or its pharmaceutically acceptable salt. 

In another aspect the invention provides a process for preparing compounds of 
10 Formula 1. 



Unless otherwise stated, the following terms used in the specification and daims 
have the meanings given below: 

"Alkoxy*' means alone or in combination a radical -OR where R is an alkyl as 
15 defined herein e.g., methoxy, ethoxy^ propoxy, butoxy and the like. 

"Alkyi" means alone or in combination a linear saturated monovalent hydrocarbon 
radical of one to six carbon atoms or a branched saturated monovalent hydrocarbon 
radical of three to six carbon atoms, e.g., methyl, ethyl, propyl, 2-propyl, n-butyl, iso-butyl, 
tert-butyl, pentyl, and the like. 

20 ^Alkylene'' means alone or in combination a linear saturated divalent hydrocarbon 

radical of one to six carbon atoms or a branched saturated divalent hydrocarbon radical of 
three to six carbon atoms, e.g., meth)dene, ethylene, 2,2-dimethyiethyiene, propylene, 
2-methylpropylene, butylene, pentylene, and the like. 

"Alkylthio" or "alkylsulfanyl" means alone or in combination a radical -SR where R 
25 is an alkyl as defined above e.g., methylthio, ethylthio, propylthio, but)dthio, and the like. 

''Aryr means alone or in combination a monovalent monocyclic or bicydic 
aromatic hydrocarbon radical which is optionally substituted independently fi:om each 
other with one or more substituents, preferably one, two, or three, sdected firom the group 
consisting of alkyl, haloalkyl, halo, nitro, cyano, amino, methylenedioxy, ethyienedioxy, Y- 
30 aryi, Y-heteroaryi, Y-cydoalkyl, -Y-heterocyclyl, -Y-OR', -Y-NR^R", -Y.C(0)-R', -Y-S(0)o. 
2-R'; -Y-N-SO2-R', -Y-S02-NR*R", -Y-N-C(0)-NR*R", where Y is absent or a CpCa 
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alkylene group, and R' and R" are each independently from each other hydrogen, alkyl, 
haloalkyl, hydroxy, alkoxy, aryl, heteroaryl, cydoalkyl, heterocyd^d. More spedficafly the 
term aryl indudes, but is not limited to, phenyl, chlorophen^d, methoxyphenyl, 
methoxymethyiphenyl, phen)doxyphenyl, 1-naphthyI, 2-naphthyl, and the derivatives 
5 thereof. 

''Cycloalkyr alone or in combination refers to a saturated monovalent cyclic 
hydrocarbon radical of three to seven ring carbons e.g.y cyclopropyl, cyclobutyl, cydohexyl, 
4-methyl-cyclohexyi, and the like. 

"Halo" alone or in combination means fluoro, chloro, bromo, or iodo, preferably 
10 fluoro and chloro. 

"Haloalkyl" alone or in combination means alkyl substituted with one or more 
same or different halo atoms, e.g., -CH2CI, -CF3, -CH2CF3, -CH2CCI3, and the like. 

"Heteroaryl" means alone or in combination a monovalent monocyclic or bicyclic 
radical of 5 to 12 ring atoms having at least one aromatic ring containing one, two, or three 

15 ring heteroatoms sdected from N, O, or S, the remaining ring atoms being C, with the 
understanding that the attachment point of the heteroaryl radical will be on an aromatic 
ring. The heteroarjd ring is optionally substituted independently from each other with one 
or more substituents, preferably one or two substituents, sdected from alkyl, hdoalkjd, 
halo, nitro, cyano, amino, methylenedioxy, Y-aryl, Y-heteroaryl, Y-cydoalkyi, -Y- 

20 heterocydyl, -Y-OR', -YNR'R", -Y-C(0).R\ -Y-O-CCO-R* ,-Y- S(0)o.2-R'; -Y-N-SOz-R*, - 
Y-S02-NR'R", -Y-N-C(0)-N-R*R", where Y is absent or a C1-C3 alkylene group and R' and 
R" are each independently from each other hydrogen, alk]d, haloalkyl, hydroxy, alkoxy, 
aryl, heteroar)d, cydoalkyl, heterocydyl. More specifically the term heteroar)d indudes, 
but is not limited to, pyrid^, furanyl, thienyl, thiazolyl, isothiazolyi, triazol)d, imidazolyl, 

25 isoxazolyl, pyrrolyl, pyrazolyl, pyrimidin)d, benzofiiranyi, tetrahydrobenzoftiranyl, 
isobenzofuranyl, benzothiazolyi, benzoisothiazolyl, benzotriazolyl, indol)d, isoindolyl, 
' benzoxazolyl, quinolyl, tetrahydroquinolinyl, isoquinolyl, benzimidazol)d, benzisoxazol)d 
or benzothienyl, imidazo[l,2-a]-pyridin)d, imidazo[2,l-b]thiazolyl, and the derivatives 
thereof. 

30 "Heterocydyl" means alone or in combination a saturated or unsaturated non- 

aromatic cydic radical of 3 to 8 ring atoms in which one or two ring atoms are heteroatoms 
selected from N, O, or S(0)q the remaining ring atoms being C, where one or two C 
atoms may optionally be replaced by a carbonyl group. The heterocydyl ring may be 
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optionally substituted independently from each other with one, two, or three substituents 
sdected from alkyl, haloalkjd, halo, nitro, cyano, - Y-ar)d, Y-heteroaryl, Y-cydoaDcyl, -Y- 
heterocydyl, -Y-OR, -YNR'R", -Y-C(0)-R', -Y-S(0)o.2-R'; -Y-N- SO2-R', -Y-SOj-NR'R", , 
-Y-N-C(0)-N-R'R", where Y is absent or a Ci-Cs alkyiene group and R and R" are eadi 
5 independently from each other hydrogen, alkyl, haloalkyl, hydroxy, alkoxy, aryl, heteroarjd, 
cycloalkyi, heterocydyl. More specifically the term heterocydyl indudes, but is not limited 
to, tetrahydropyranyl, piperidinyl, N-methylpiperidin-3-yl, piperazinyl, N- 
methylpyrroUdin-3-yl, 3-pyrrolidinyl, morpholinyl, thiomorpholin)4, thiomorpholino-1- 
oxide, thiomorpholino-l,l-dioxide, pyrrolinyl, imidazolinyl, N-methanesulfonyl- 
10 piperidin-4-yl, and the derivatives thereof. 

"Leaving group" has the meaning conventionally associated with it in synthetic 
organic chenaistry, i.e,, an atom or a group capable of being displaced by a nucleophile and 
indudes halo (such as chloro, bromo, and iodo), alkanesulfonyloxy, arenesulfonyloxy, 
alkylcarbonyloxy (e.g., acetoxy), arylcarbonyloxy, mesyloxy, tosyloxy, 
15 trifluoromethanesulfonyloxy, aryloxy (e.g., 2,4-dinitrophenoxy), methoxy, N,0- 
dimethylhydroxylamino, and the like. 

"Optionally substituted phen^** means alone or in combination a phenyl ring 
which is optionally substituted independently from each other with one or more 
substituents, preferably one or two substituents sdected from the group consisting of alkyl, 
20 hydroxy, alkoxy, haloalkyi, haloalkoxy, heteroalkyl, halo, nitro, cyano, amino, 
methylenedioxy, ethylenedioxy, and acyl. 

"Isomerism" means compounds that have identical molecular formulae but that differ 
in the nature or the sequence of bonding of their atoms or in the arrangement of their 
atoms in space. Isomers that differ in the arrangement of their atoms in space are termed 

25 "stereoisomers". Stereoisomers that are not mirror images of one another are termed 
"diastereoisomers", and stereoisomers that are non-superimposable mirror images are 
termed "enantiomers", or sometimes optical isomers. A carbon atom bonded to four 
nonidentical substituents is termed a "chiral center". 

"Chiral isomer" means a compound with one chiral center. It has two enantiomeric 

30 forms of opposite chirality and may exist either as an individual enantiomer or as a 

mixture of enantiomers. A mixture containing equal amounts of individual enantiomeric 
forms of opposite chirality is termed a "racemic mbcture". A compound that has more than 
one chiral center has 2°'^ enantiomeric pairs, where n is the nmnber of chiral centers. 
Compounds with more than one chiral center may exist as either an individual 
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diastereomer or as a mixture of diastereomers, termed a "diastereomeric mixture". When 
one chiral center is present, a stereoisomer maybe characterized by the absolute 
configuration (JR or 5) of that chiral center. Absolute configuration refers to the 
arrangement in space of the substituents attached to the chiral center. The substituents 
5 attached to the chiral center under consideration are ranked in accordance with the 
Sequence Rule of Cahn, Ingold and Prdog. (Cahn et al, Angew. Chem. Inter. Edit 1966> 5, 
385; errata 511; Cahn et al., Angew. Chem. 1966, 78, 413; Cahn and Ingold, /. Chem. Soc 
1951 (London), 612; Cahn et al., Experientia 1956^ 12, 81; Cahn, J., Chem. Edua 1964, 41, 
116). 

10 "Geometric Isomers" means the diastereomers that owe their existence to hindered 

rotation about double bonds. These configurations are differentiated in their names by the 
prefixes cis and trans, or Z and £, which indicate that the groups are on the same or 
opposite side of the double bond in the molecule according to the Cahn-Ligold-Prelog 
mles. 

15 "Atropic isomers" means the isomers owing their existence to restricted rotation 

caused by hindrance of rotation of large groups about a central bond. 

The compounds of this invention may exist in stereoisomeric form, therefore can be 
produced as individual stereoisomers or as mixtures. 

"Pharmaceutically acceptable exdpient" means an excipient that is usefiil in 

20 preparing a pharmaceutical composition that is generally safe, non-toxic and neither 
biologically nor otherwise undesirable, and includes excipient that is acceptable for 
veterinary use as well as human pharmaceutical use. A "pharmaceutically acceptable 
excipient" as used in the specification and claims includes both one and more than one 
such excipient. 

25 "Pharmaceutically acceptable salt" of a compound means a salt that is 

pharmaceutically acceptable and that possesses the desired pharmacological activity of the 
parent compound. Such salts indude: (1) add addition salts, formed with inorganic adds 
such as hydrochloric add, hydrobromic add, sulfiuic add, nitric add, phosphoric add, 
and the like; or formed with organic adds such as acetic add, propionic add, hexanoic 

30 add, cydopentane propionic add, glycoUc add, pymvic add, lactic add, malonic add, 

succinic acid, malic add, maleic add, fiimaric acid, tartaric add, dtric acid, benzoic add, 3- 
(4-hydroxybenzo)d)benzoic add, dnnamic add, mandelic add, methanesulfonic add, 
ethanesulfonic add, 1,2-ethane-disulfonic add, 2-hydroxyethanesulfonic add, 
benzenesulfonic add, 4-chlorobenzenesulfonic add, 2-naphthalenesulfonic add, 4- 

35 toluenesulfonic add, camphorsulfonic acid, 4-methylbicydo[2.2.2]-oct-2-ene-l-carboxylic 
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add, glucoheptonic acid, 3-phenylpropionic add, trimethylacetic add, tertiary butjdacetic 
add, lauryl sulfuric add, gluconic add, glutamic add, hydroxyuaphthoic add, salicylic 
add, stearic acid, muconic acid, and the like; or (2) salts formed when an addic proton 
present in the parent compound dther is replaced by a metal ion, e.g., an alkali metal ion, 
5 an alkaline earth ion, or an aluminum ion; or coordinates with an organic base such as 
ethanolamine, diethanolamine, triethanolamine, tromethamine, N-methylglucamine, and 
the like. 

It should be understood that all references to pharmaceutically acceptable salts 
include solvent addition forms (solvates) or crystal forms (polymorphs) as defined herein, 

10 of the same acid addition salt. 

"Crystal forms" (or polymorphs) means crystal structures in which a compound can 
crystallize in different crystal packing arrangements, all of which have the same elemental 
composition. Different crystal forms usually have different X-ray diffraction patterns, 
infrared spectra, melting points, density hardness, crystal shape, optical and electrical 

15 properties, stability and solubility. Recrystallization solvent, rate of crystaUization, storage 
temperature, and other factors may cause one crystal form to dominate. 

"Solvates" means solvent addition forms that contain either stoichiometric or non 
stoichiometric amounts of solvent. Some compoimds have a tendency to trap a fixed molar 
ratio of solvent molecules in the crystalline solid state, thus forming a solvate. If the solvent 

20 is water the solvate formed is a hydrate, when the solvent is alcohol, the solvate formed is 
an alcoholate. Hydrates are formed by the combination of one or more molecules of water 
with one of the substances in which the water retains its molecular state as H2O, such 
combination being able to form one or more hydrate. 

The terms "pro-drug" and "prodrug" are used interchangeably herein and refer to 
25 any compoimd which rdeases an active parent drug according to Formula I in vivo when 
such prodrug is administered to a mammalian subject. Prodrugs of a compoimd of 
Formula I are prepared by modifying one or more functional group(s) present in the 
compound of Formula I in such a way that the modification(s) may be deaved in vivo to 
rdease the parent compound. Prodrugs indude compoimds of Formula I wherein a 
30 hydroxy, amino, sulfhydryl, carboxy or carbonyl group in a compound of Formula I is 
bonded to any group that may be deaved in vivo to regenerate the firee hydroxyl, amino, or 
sulfliydryl group, respectivdy. Examples of prodrugs indude, but are not limited to, esters 
(e.g., acetate, dialkylaminoacetates, formates, phosphates, sul&tes, and benzoate 
derivatives) and carbamates (e.g., N^N^dimethylaminocarbonyl) of hydroxy functional 
35 groups, esters groups (e.g. ethyl esters, morpholinoethanol esters) of carboxyd functional 
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groups, N-acyl derivatives (e.g. N-acetyl) N-Mannich bases, Schifif bases and enaminones 
of amino fimctional groups, oximes, acetals, ketals and enol esters of ketone and aldehyde 
functional groups in compounds of Formula I, and the like. See Bundegaard, H. "Design of 
Prodrugs" pl-92, Hesevier, New York-Oxford (1985). 

5 "Protecting group" refers to a grouping of atoms that when attached to a reactive 

group in a molecule masks, reduces or prevents that reactivity. Examples of protecting 
groups can be found in T.W. Green and P.G. Puts, Protective Groups in Organic Chemistry^ 
(Wiley, 2"^ ed. 1991) and Harrison and Harrison et al.. Compendium of Synthetic Organic 
Methodsy Vols. 1-8 (John Wiley and Sons, 1971-1996). Representative amino protecting 

10 groups include, formyl, acetyl, trifluoroacetyl, benzyl, benzyloxycarbonyl (CBZ), tert- 
butoxycarbonyl (Boc), trimethyl silyl (TMS), 2-trimethylsilyl-ethanesulfonyl (SES), trityl 
and substituted trityl groups, allyloxycarbonyl, 9-fluorenylmethyloxycarbonyl (FMOC), 
nitro-veratryloxycarbonyl (NVOC), and the like. Representative hydroxy protecting 
groups include those where the hydroxy group is either acylated or alkylated such as 

15 benzyl, and trityl ethers as well as alkyl ethers, tetrahydropyranyl ethers, trialkylsilyl ethers 
and allyl ethers. 

'Treating" or "treatment" of a disease includes: (1) preventing the disease, i.e., 
causing the cUnical symptoms of the disease not to develop in a mammal that may be 
exposed to or predisposed to the disease but does not yet experience or display symptoms 

20 of the disease; (2) inhibiting the disease, i.e., arresting or reducing the development of the 
disease or its clinical symptoms; or (3) relieving the disease, i.e., causing regression of the 
disease or its clinical symptoms. 

**A therapeutically effective amount" means the amount of a compoxmd that, when 
administered to a mammal for treating a disease, is sufficient to effect such treatment for 

25 the disease. The "therapeutically effective amount" will vary depending on the compound, 
the disease and its severity and the age, weight, etc., of the mammal to be treated. 

'"Prostaglandin analog" is a non-naturally-occurring compound which is 
structurally similar to a prostaglandin. 

"Prostaglandin receptor" or "prostanoid receptor* is a naturally-occurring protein 
30 that binds prostaglandins, which when bound alters the function of a cell. Prostaglandin 
receptors may be characterized as either excitatory or relaxant. Such receptors include but 
are not limited to EPi, EP2, EP3, EP4, DP, FP, IP, TPi, and TP2. These receptors are further 
discussed by Coleman et a/, in Pharmacological Reviews, 1994, Volimie 6, No. 2, pages 205 - 
229. 



wo 03/008377 



PCT/EP02/07574 



-11- 

Throughout the application the following abbreviations are used with the following 
meanings: 



10 



DME 

DMF 

DMSO 

EtOAc 

MS 

THF 

rt 

Nomenclature 



Ethylene glycol dimeth)d ether 

Dimethylfonnamide 

Dimethylsulfoxide 

Ethyl acetate 

Mass Spectrum 

Tetrahydrofuran 

Room (ambient) temperature 



The naming and numbering of the compoimds of this invention is illustrated 



bdow: 



R6 ^r-R2 



15 In general, the nomenclature used in this Application is based on AUTONOM ™ 

v.4.0 a Beilstein Institute computerized system for the generation of lUPAC systematic 
nomenclature. 

For example a compound of Formula I wherein Z is -C(0)OH; m is 5; R^ R^ R*, 
R^ and R^ are hydrogen; A is -CH2=CH2S B is absent, and R^ is phenyl is named 7-[(jR)-2- 
20 ((JS)-3-hydroxy-3-phen)d-propen)d)-5-oxo-pyrrolidin-l-yl]-heptanoicadd. 



While the broadest definition of this invention is set forth in the Summary of the 
Invention, certain compounds of Formula I are preferred 
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In a first embodiment, a representative group of compounds is one wherein B is 
absent, is aryl; A, R\ R^ R^ R^ R^ and Z are as defined above. A preferred group of 
compounds within this embodiment are those wherein R^ is an aryl optionally substituted 
with a substituent sdected firom trifluoromethyl, halogen, -Y-R% -Y-OR* and-Y-C(0)R*, 
5 wherein Y is a bond or a (Ci-C3)alkylene group, and R* is hydrogen, (CrC6)alkyi, arjd, 
heterocydyi, heteroaryl or heterocyclyl. Preferably, R^ is an aryl optionally substituted with 
a substituent selected from -Y-R^ -Y-OR^and -Y-C(0)R% wherem Y is a bond or a (Cr 
C3)alkylene group, and R* is an unsubstituted phenyl or a substituted phenyl with at least 
one substitutent selected from (Ci-C6)alkyl, (Ci-C6)alkoxy, trifluoromethyl, or halogen. 

10 In a second embodiment of Formula I, B is absent, A, R^, R^, R^, R^ R^ and Z are as 

defined above and R^ is a phenyl group substituted with -Y-R^ wherein Y is a bond or a 
(Ci.C3)alkylene group, and R^ is a phenyl optionally substituted with a substituent selected 
from (Ci-C6)alkyl, (CrC6)alkoxy, trifluoromethyl, or halogen. Preferably, R^ is a phenyl 
group substituted with at least one -Y-OR*, wherein Y is a bond or a (CrC3)alkylene 

15 group, and R* is a phenyl optionally substituted with an (Ci-C6)alkyl, an (Ci-C6)alkoxy, a 
trifluoromethyl, or a halogen. More preferably, R^ is a phenyl group substituted with a -Y- 
C(0)R*, wherein Y is a bond or a (CrC3)alkylene group, and R* is a phenyl optionally 
substituted with a substituent selected from (CrC6)alkyl, (Ci-C6)alkoxy, trifluoromethyl 
or halogen. 

20 In a third embodiment are. compoimds of Formula I wherein B is absent, A is 

-CH=CH-, 

R^R^R^R^R^andZ are as defined above and R* is heteroaryl Representative 
compounds are those wherein the heteroaryl group is substituted with a group selected 
from trifluoromethyl, halogen; -Y-R^ -Y-OR^, and -Y-C(0)R% wherein Y is a bond or a 

25 (CrC3)alkyiene group, and R° is (Ci-C6)alkyl, aryl, heterocydyi, heteroaryl or heterocyd)d. 

In a fourth embodiment are compounds of Formula I wherein B is absent, A is 

-CH2-CH2-, R^ R^ R^ R^ R*^ and Z are as defined above and R^ is heteroaryl. 
Representative compoimds are those wherein the heteroaryl group is substituted with a . 
group sdected from trifluorometh^, hdogen; -Y-R*, -Y-OR^ and-Y-C(0)R*, wherein Y is 
30 a bond or a (Ci.C3)aIkylene group, and R* is (CrQ)alkyl, ar)d, heterocydyi, heteroarjd or 
heterocyd^. 

In a fifth embodiment are compounds of Formula I wherein B is absent, R^ and R* 
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are (Cr C6)alk}d; R^ and Z are as defined above, A is -CH2-CH2- and R* is a phenyl, 
heteroaryl, an alkji or a qrdoalkjdalkyi group. Preferably R^ is a phenyl substituted with at 
least one group selected from trifluoromethyi, halogen, -Y-R% -Y-OR^and-Y-C(0)R*, 
wherein Y is a bond or a (CrC3)aIkylene group, and R* is (CrC6)alk)d, ar)d, heteroqrdyl, 
5 heteroaryl or heteroqrdyl. More preferably R^ is a heteroaryl substituted with at least one 
group selected firom trifluoromethyi, halogen, -Y-R^ -Y-OR'. and -Y-C(0)R^ wherein Y is 
a bond or a 

#■ 

(Cr C3)alkylene group, and R^ is (Ci-C6)alkyl, aryi, heterocyclyl, heteroaryl or heterocyclyl. 
Still more preferably, R^ is an alkyl or a cycloalkylalkyl group 

10 In a sixth embodiment, B is absent, R^ R^ R^ R^ R^ and Z are as defined above, A 

is -CH=CH-, R* is a phenyl optionally substituted with a substituent sdected fi-om 
trifluoromethyi, halogen, -Y-R^ -Y-OR". and -Y-C(0)R^ wherein Y is a bond or a 
(CrC3)alkylene group, and R^ is (CrC6)alkyl, aryl, heterocydyl, heteroaryl or heterocydyl. 

In a seventh embodiment, B is absent, R^ R^ R^ R^ R^ and Z are as defined above, 
15 A is -CH2-CH2-, R^ is a phenyl optionally substituted with a substituent selected fi-om 
trifluoromethyi, halogen, -Y-.R^ -Y-OR' and -Y-C(0)R^ wherein Y is a bond or a 
(Ci.C3)alkylene group, and R^ is (Ci-C6)alkyl, aryl, heterocyclyl, heteroaryl or heterocydyl. 

In an eighth embodiment, B is an aryl, m is one or two, R^ R\ R\ R^ R^ Aand Z 
are as defined above, and R* is an alkyl or aryl optionally substituted with a substituent 
20 sdected firom trifluoromethyi, halogen, -Y'R\ -Y-OR^ and -Y-C(0)R*, wherein Y is a bond 
or a (CrC3)alkylene group, and R* is (Ci-C6)alkyl, aryi, heterocydyl, heteroaryl or 
heterocydyl. Preferably, R^ is an optionally substituted phenyl. 

In a ninth embodiment, B is heteroaryl, m is one or two and R^ is an alkyl, m is one 
or two, R^, R^, R"^, R^, R^, A and Z are as defined above. Preferred compounds within this 
25 embodiment are those wherein A is -CH=CH-, 

Further preferred are compounds of formula I, wherein R^ is hydrogen. 

Also preferred are those compovmds of formula I, wherein R^ to R^ are independently 
sdected fi-om hydrogen and alkyl Moreover, preferred are those compounds of formula I, 
wherein R^ to R^ are mdependently selected from hydrogen and methyl. 

30 Another preferred embodiment of the present invention are the compounds of 

formula I, wherein R^ to R^ are hydrogen. 

The structure of the compounds of Formula I may indude opticd isomers. 
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diastereomers, enantiomers of the above structure or pharmaceutically-acceptable salts, 
bio- hydrolyzable amides, esters, or imides thereof. Preferred stereochemistry mimics that 
of naturally occurring PGE2. 

The compounds of the present invention can exist in unsolvated forms as well as 
5 solvated forms, including hydrated forms. In general, the solvated forms, including 
hydrated forms, are equivalent to unsolvated forms and are intended to be encompassed 
within the scope of the present invention. 

The compounds of Formula I are capable of further forming pharmaceutically 
acceptable base addition salts. All of these forms are within the scope of the present 
10 invention. 



wherein: 

15 A is -CH2-CH2-, or -CH=CH-; 
B is absent, aryl, or heteroaryi; 

Z is -C(0)OR', -C(0)NR'R", -CCONSOjR', -PR'(0)(OR'), •PO(OR')2, or tetrazol-5-yi; 
wherein R' and R" are independently from each other hydrogen or (Ci-C6)alkyl; 

mis 1,2, 3, 4, 5, or 6; 

20 R* is alkyl, alkenyl, alkynyl, cydoalkylalkyl, heterocyd)dalkyl, aryl, arylalkyi or heteroaryi, 
when B is aryl or heteroaryi and R\ R'*, R^ and R^ are not simultaneously hydrogen, or R^ is 
heterocyclylalkyl, arjd, or heteroaryi when B is absent and R^, R*, R^ and R^ are 
simultaneously hydrogen; 

R^ is hydrogen or (Q-C6)alkyl, (Ci.C6)alkenyl, or (Ci.C6)alkynyi; 

25 R^R^R^andR*^ are each independently from each other hydrogen or (Q-Q) alkyl; or R^ 
and R^, R^ and R^ or R^ and R^ taken together with the atom to which they are attached 



The present invention refers particularly to a compound of Formula I 



O 
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may form a (C3-C7) alkyl ring; or 

a pharmaceutically acceptable salt or solvate, single isomer or racemic or non-racemic 
mixture of isomers thereof 

Preferred are compounds acording to formula I, wherein B is absent and is an aryl 
5 optionally substituted with a substituent selected from the group consisting of 

trifluoromethyl, halogen, -Y-R^ -Y-OR". and -Y-C(0)R^ Y is a bond or a (Cr C3)alkylene 
group, and R^ is (CrC6)alkyl, aryl, heterocyclyl, heteroaryi, or heterocyclyl. 

Further preferred are those compounds of formual I, wherein R^ is an unsubstituted 
phenyl. 

10 Another preferred aspect of the present invention are the compounds of formula I, 

wherein R^ is a phenyl substituted with a substituent selected from the group consisting of 
trifluoromethyl, halogen, -Y-R^ -Y-OR^, and -Y-C(0)R^ Y is a bond or a (Ci-C3)alkyiene 
group, and R* is (Ci-C6)alkyl, aryl, heterocyclyl, heteroaryi, or heterocyclyl. 

Also preferred are the compounds of formula I, wherein R^ is a phenyl optionally 
15 substituted with a substituent selected from the group consisting of (Ci-C6)alkyl, (Cr 
C6)alkoxy, trifluoromethyl, and halogen. 

Further preferred are the compounds of formula I, wherein R^ is a phenyl substituted 
with at least one -Y-R^, wherein Y is a bond or a (CrC3)alkylene group; R^ is a phenyl 
optionally substituted with a substitutent selected from the group consisting of (Ci- 
20 C6)alkyi, {Ci-Q)alkoxy, trifluoromethyl and halogen. 

Another preferred aspect of the present invention are the compounds of formula 1, 
wherein R* is a phenyl substituted with at least one -Y-R\ wherein Y is a bond or a (Ci- 
C3)alkylene group; R* is an optionally substituted heteroaryi. 

Also preferred are the compoimds of formula I, wherein R^ is a phenyl substituted 
25 with at least one -Y-OR^ wherein Y is a bond or a (Ci-C3)alkylene group; and R^ is a 
phenyl substituted with a substituent selected from the group consisting of (Ci-C6)alkyl, 
(Ci-C6)alkoxy, trifluoromethyl, and halogen. 

Another aspect of the present invention are the compounds of formula I, wherein R^ 
is a phenyl substituted with at least one -Y-C(0)R^, wherein Y is a bond or a (Ci- 
30 C3)alkyiene group; and R* is phenyl optionally substituted with at least one substituent 
selected from the group consisting of (Ci-C6)alkyl, (Ci-C6)alkoxy, trifluorometh)d, and 
halogen. 
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Further preferred are the compounds of formula I, wherein B is absent and is 
heteroaryL 

Also a preferred aspect of the present invention are the compounds according to 
formula I, wherein is a heteroaryl substituted with a substituent is selected from the 
5 group consisting of trifluoromethyl, halogen, -Y-R^ -Y-OR^, and -Y-C(0)R^ wherein Y is a 
bond or a (CrC3)alkylene group; and R^ is (Ci-C6)alkyl, aryl, heterocyclyl, heteroaryl, or 
heterocyclyl. . 

Also preferred are the compounds of formula I, wherein B is absent, R^ and R* are 
(Ci-C6)alkyl. 

10 Another preferred aspect of the present invention are the compounds of formula I, 

wherein R^ is a phenyl optionally substituted with a substituent selected from the group 
consisting of trifluoromethyl, halogen, -Y-R^ -Y-OR^, and -Y-C(0)R^ Y is a bond or a (Q- 
C3)alkylene group; and R^ is (Ci-C:6)alkyl, aryl, heterocyclyl, heteroaryl, or heterocyclyl. 

An other preferred aspect of this invention are the compounds of formula I, wherein 
15 R^ is a heteroaryl optionally substituted with a substituent selected from the group 

consisting of trifluoromethyl, halogen -Y-R% -Y-OR^ and -Y-C(0)R^ wherein Y is a bond 
or a (Ci-C3)alkylene group; and R* is (CrC6)alkyl, aryl, heterocydyl, heteroaryl, or 
heterocydyl. 

Further preferred are the compounds of formula I, wherein R^ is alkyl or 
20 cydoalkylalkyl. 

Another preferred aspect of the present invention are the compounds of formula I, 
wherein A is -CH2-CH2. 

Further preferred are the compounds of formula I, wherein B is absent and A is 
— CH2-CH2- 

25 Another preferred aspect of the present invention are compounds of formula I, 

wherein B is absent and R^ is a phenyl optionally subsituted with a substituent selected 
from the group consisting of trifluoromethyl, halogen, -Y-R^, -Y-OR^,and -Y-C(0)R^ 
wherein Y is a bond or a (Ci-C3)alkylene group; and R^ is (CrC6)alkyl, aryl, heterocyclyl, 
heteroar^, or heterocydyl. 



30 



Also preferred are compounds of formula I, wherein B is an aryl, m is one or two and 
R^ is alkyl, aryl or heteroaryl. 
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Moreover, preferred are the compoiinds according to formula I, wherein is an 
optionally substituted phenyl. 

Another preferred aspect of the present invention are the compounds of formula I, 
wherein is alkyi. 

5 Also preferred are the compounds of formula I, wherein B is a heteroaryi, m is one or 

two and R^ is alkyl. 

Preferred compounds of formula I are selected from the group consisting of. 

7-[2-((E)-3-Hydroxy-3-naphthalen-2-yl-propen^)-5-oxo-pyrrolidin-l-yl]-heptanoic 
acid; 

10 7-{(R)-2-[(E)-3-Hydroxy-3-(3-phenoxy-phenyl)-propenyl]-5-oxo-pyrrolidin-l-yl}- 
heptanoic add; 

7-[(R)-2-((E)-3-Hydroxy-3-phenyl-propenyl)-5-oxo-pyrrolidin-l-yl]-heptanoicadd; 

7-((R)-2-{(E)-3-Hydroxy-3-[3-(morphoIine-4-sulfonyl)-phenyl]-propenyl}-5-oxo- 
pyrrolidin-l-yl)-heptanoic add; 

15 7-{(R)-2-[(E)-3-Hydroxy-3-(3-methoxy-phenyl)-propenyl]-5-oxo-pyrrolidin-l-yl}- 
heptanoic add; 

7-{(R)-2-[(E)-3-Hydroxy-3-(4-phenoxy-phenyl)-propenyi]-5-oxo-pyrrolidin-l-yl}- 
heptanoic add; 

7-{(R)-2-[(E)-3-(3-Benzyl-phen>l)-3-hydroxy-propenyl]-5-oxo-pyrrolidin-l-yl}- 
20 heptanoic add; 

7-{(R)-2-[(E)-3-(3-Ethoxy-phen^)-3-hydroxy-propenyl]-5-oxo-pyrroKdin-l-yl}- 
heptanoic add; 

7-{(R)-2-[(E)-3-(3-Ethyl-phenyl)-3-hydroxy-propenyl]-5-oxo-pyrrolidin-l-yl}-heptanoic 
acid; 
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7-{(R)-2-[(E)-3-(3-Benzoyl-phenyl)-3-hydroxy-propenyl]-5-oxo-pyrroUdin 
heptanoic add; 

7-{(R)-2-[(E)-3-(3-Bromo-phenyl)-3-hydroxy-propenyl]-5-oxo-p)nToUdin-l-y 
heptanoic add; 

5 7-[(R)-2-((E)-3-Biphenyl-3-yi-3-hydroxy-propenyl)-5-oxo-pyrrolidm-l-yl]-heptanoic 
add; 

7-{(R)-2-[(E)-3-Hydroxy-3-(2'-methyl-biphenyl-3-yl)-propenyl]-5-oxo-pyrroU 
heptanoic add; 

7-{(S)-2-[3-Hydroxy-3-(5-o-tolyl-fiKan-2-yl)-propyl]-5-oxo-pyiToUdin-l-^^ 
10 acid; 

7-{(S)-2-[3-(l-Benz)d-lH-pyrazol-4-yl)-3-hydroxy-propyl]-5-oxo-pyrroUdin^ 
heptanoic add; 

7-{(R)-5-[(E)-3-Hydroxy-3-(5-trifluoromethyl-furan-2-yl)-propenyl]-3,3-dimethy^ 
oxo-pyrrolidin-l-yl}-heptanoic acid; 

15 7-(R)-{2-[(E)-3-Hydroxy-3-(3-hydroxy-phen)d)-propenyi]-5-oxo-pyrrohdin-l-yl}- 
heptanoic add; 

7-{(R)-2- [(E)-3-Hydroxy-3-(3-pyrroM-yimethyl.phen)d)-propenyi] -5-oxo-pyrrolidin-l- 
yl}-heptanoic add; 

7-{(R)-2-[(E)-3-Hydroxy-3-(3-pyrazol-l-yhnethyl-phenyl)-propenyl]-5-oxo-pyrroU^^ 
20 l-yl}-heptanoic add; 

7-{(R)-2-[(E)-3-Hydroxy-3-(3-methoxymethyl-phen)d)-propen)d]-5-oxo-pyrrolidin-l- 
yl}-heptanoic add; 

7-{(R)-2-[(E)-3-(3-Cydopentyloxy-phenyl)-3-hydroxy-propenyl]-5-oxo-pyiTolidiQ-l-yl}- 
heptanoic add; 
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7-{(R)-2-[(E)-3-(2*-Ethoxy-biphenyl-3-jd)-3-hydroxy-propenyI].5-oxo-p)a^^ 
heptanoic add; 

7-{(R)-2-[(E)-3-(2'-CUoro-biphenyl-3-yl)-3-hydrox)r-propenyl]-5-oxo-pyrrolid^ 
heptanoic acid; 

5 7-((R)-2-{(E)-3-Hydroxy-3-[3-(4-methoxy-phenoxy)-phenyl]-propenyl}-5-oxo- 
pyrrolidin-l-yl)-heptanoic acid; 

7-{(R)-2-[(E)-3-(4'-Chloro-biphenyl-3-yl)-3-hydroxy-propenyl]-5-oxo-pyrroUd^^ 
heptanoic acid and 

7-{(R)-2-[(E)-3-(3*-Chloro-biphenyl-3-yl)-3-hydroxy-propenyl]-5-oxo-pyrrolidin-l-yi}- 
10 heptanoic acid. 



Further preferred compounds are selected from the following group; 

7-{(R)-2-[(E)-3-(3-Cyclopent5doxy-phenyl)-3-hydroxy-propenyl]-5-oxo-pyrrolidin-l-yl}- 
heptanoic acid; 

15 7- { (R)-2- [ (E)-3- (2*-Ethoxy-biphenyl-3-)d)-3-hydroxy-propenyl] -5-oxo-pyrrolidin- 1-yl}- 
heptanoic acid; 

7- { (R)-2- [ (E)-3- (2' -Chloro-biphenyl-3-yl)-3-hydroxy-propenyi] -5-oxo-pyrrolidin- 1 -yi}- 
heptanoic acid; 

7-((R)-2-{ (E)-3-Hydroxy-3- [3-(4-methoxy-phenoxy)-phen]d] -propenyl}-5-oxo- 
20 pyrrolidin- l-yl)-heptanoic add; 

7-{(R)-2-[(E)-3-(4'-CWoro-biphenyi-3-yl)-3-hydroxy-propenyl]-5-oxo-pyrrolidin-I-yl}- 
heptanoic acid; 

7-{(R)-2-[(E)-3-(3'-Chloro-biphenyl-3-)d)-3-hydroxy-propenyl]-5-oxo-pyrrolidin-l-yl}. 
heptanoic add; 

25 7-{ (R)-2- [(E)-3-Hydroxy-3-(5-trifluoromethyl-furan-2-yl)-propenyl] -5-oxo-pyrroUdin- 
l-yl}-heptanoic add; 
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7-{(R)-2-[(E)-3-Hydroxy-3-(3-trifluoromethyl-phenyl)-propenyl]-5-oxo-p 
yl}-heptanoic add; 

7-((S)-2-{3-[3-(4-Huoro-phenoxy)-phenyl]-3-hydroxy-propyl}-5-oxo-pyrrolidin-l-^^^ 
heptanoic acid; 

5 7-{(R)-2- [(E)-3-Hydroxy-3-(3-phenoxyinethyl-phenyl)-propenyl] -5-oxo-pyrrolidin-l- 
)d}-heptanoic acid; 

7-{(R)-2-[(E)-3-Hydroxy-3-(3-phenoxymelhyl-phenyl)-propenyl]-5-oxo-pyrro^^ 
yl}-heptanoic acid methyl ester; 

7-((R)-2-{(E)-3-Hydroxy-3-[3-(l-methyl-lH-pyrrol-2-yl)-phenyl]-pr^^^ 
10 pyrrolidin- l-yl)-heptanoic acid; 

7-((R)-2-{(E)-3-Hydroxy-3-[3-(l-methyl-lH-pyrrol-2-yl)-phenyl]-pro^^ 
pyrrolidin- l-yl)-heptanoic acid methyl ester; 

7-{(R)-2-[(E)-3-(3-Butoxy-phenyl)-3-hydroxy-propenyl]-5-oxo-pyrrolidin-l-yl}- 
heptanoic acid; 

15 7-{(R)-2-[(E)-3-(3-Benzyloxy-phenyl)-3-hydroxy-propenyi]-5-oxo-pyrrolidin-l-yl}- 
heptanoic add; 

7-((R)-2-{(E)-3-[3-(2-Chloro-benzyloxy)-phen)d]-3-hydroxy-propenyl}-5-oxo- 
pyrrolidin-l-yl)-heptanoic acid; 

7-{(R)-5-[{E)-3-Hydroxy-3-(5-trifluoromethyl-furan-2-yl)-propenyll-33-dimethyl^ 
20 oxo-pyrrolidin-l-yl}-heptanoic add; 

7-[(R)-5-((E)-3-Hydroxy-oct-l-enyl)-3,3-dimethyl-2-oxo-pyrrolidin-l-yl]-heptanoic 
add; 

7- [2- ((E) -3-Hydroxy-oct- l-en)d)-3,3-dimeth)d-5-oxo-pyrroUdin- 1 -yi] -heptanoic acid; 

7-[(R)-5-((S)-(E)-5-Cydobutyi-3-hydroxy-pent-l-enyl)-3,3-dimethyl-2-oxo-pyn:oKdin- 
25 1-yl] -heptanoic add; 

7-{5-[(E)-3-Hydroxy-4-(3-methoxymethyl-phenyl)-but-l-enyl]-33-dimethyl-2-oxo- 
pyrrolidin-l-yl}-heptanoic add; 
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7-((R)-5-{(E)-3-Hydroxy-3-[3-(4-methoxy-benz)d)-phenyl]-propenyU 
oxo-pyn:olidin-l-yl)-heptanoic add; 

7-{(R)-2-[(E)-3-Hydroxy-3-(3-m-tolyloxy-phenyl)-propenyl]-5-oxo-pyrroHdin-l-yl}- 
heptanoic acid; 

5 7-((R)-2-{(E)-3-[3-(3-Fluoro-phenoxy)-phenyi]-3-hydroxy-propenyl}-5-oxo-pyrroUd^^ 
l-;5d)-heptanoic acid; 

7-((R)-2-{(E)-3-[3-(3-phenoxy)-phenyi]-3-hydroxy-propenyl}-5-oxo-pyrroKdin-l-y^^ 
heptanoic acid; 

7-((R)-2-{(E)-3-Hydroxy-3-[3-(3-inethoxy-phenoxy)-phenyl]-propenyl}-5-oxo- 
10 pyrrolidin- 1-yi) -heptanoic add; 

7-((R)-2-{(E)-3-Hydxoxy-3-[3-(4-trifluoromethyl-phenoxy)-phenyl]-propenyl}-5 
pyrrolidin- l-yl)-heptanoic add; 

7-{(R)-2-[(E)-3-Hydroxy-3-(3-o-tolyloxy-phenyl)-propenyl]-5-oxo-pyrrolidin-l-yl}- 
heptanoic acid; 

15 7- [(R)-2-((E)-3-Biphenyl-2-yl-3-hydroxy-propenyl)-5-oxo-pyrrolidin-l-yl] -heptanoic 
add; 

7-((R)-2-{(E)-3-Hydroxy-3-[3-(3-trifluoromethyl-phenoxy)-phenyi]-propenyl}-5-oxo- 
pyrrolidin- l-yl)-heptanoic acid; 

7-((R)-2-{(E)-3-Hydrox7-3-[3-(2-methoxy-phenoxy)-phenyl]-propenyl}-5-oxo- 
20 pyrrolidin- l-^)-heptanoic add; 

7-((R)-2-{(E)-3-Hydroxy-3-[3-(2-morpholin-4-yl-ethoxy)-phenyl]-propenyl}-5-oxo- 
pyrrolidin-l-)d)-heptanoic add; 

7- { (R)-2- [ (E)-3- (6,2*-Dimethyl-biphenyl-3-yl)-3-hydroxy-propenyl] -5-oxo-pyrrohdin- 1- 
yl} -heptanoic acid; 

25 7-{(S)-2-[(R)-3-Hydrox)r-3-(3-trifluoromethyl-phenyl)-propyl]-5-oxo-pyrrolidin-l-yi}- 
heptanoic add; 

7-{(R)-2-[(E)-3-Hydroxy-3-(3-p-tolyloxy-phenyl)-propenyl]-5-oxo-pyrrolidin-l-yl}- 
heptanoic add; 
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7-((R)-2-{(E)-3-[3-(4-Huoro-phenoxy)-phenyi]-3-hydroxy-propen)d}-5-oxo-pyrroU^ 
l-)4)-heptanoic acid; 

7-((R)-2-{(E)-3-[3-(4-CUoro-phenoxy)-phenyl]-3-hydroxy-propenyl}-5-oxo-pyrroH 
l-yl)-heptanoic acid; 

5 7-{(R)-2-[(E)-3-(4'-CUoro-2'-metiyl-biphenyl-3-^)-3-hydroxy"propeny^ 
pyrrolidin-l-yl}-heptanoic add; 

7-{(R)-2-[3-(4'-CMoro-2'-methyl-biphenyl-3-yl)-3-hydroxy-propyi]-5-oxo-pyrroU 
yl}-heptanoic acid; 

7-((R)-2-{(E)-3-Hydroxy-3-[3-(meth)d-o-tolyl-amino)-phenyl]-prope^^^ 
10 pyrrolidin- l-yi)-heptanoic add; 

7-( (R)-2- { (E) -3-Hydroxy-3- [3- (methyl-phenyl-amino)-phenyl] -propen^}-5-oxo- 
pyrrolidin-l-yl)-heptanoic add; 

7-{(R)-2-[(E)-3-Hydroxy-3-(3-phenethyloxy-phenyl)-propenyl]-5-oxo-pyrrolidin-l-yl}- 
heptanoic acid; 

15 7-[(R)-2-((E)-3-Hydroxy-3-{3-[2-(2"OXO-pyrroUdin-l-yl)-ethoxy]-phm^^ 
oxo-pyrrolidin-l-yl]-heptanoic acid; 

7-{(R)-2-[(E)-3-Hydroxy-3-(4'-hydroxy-2'-methyl-biphenyI-3-yl)-propenyl] 
pyrrolidin- l-yl}-heptanoic acid; 

7-{(R)-2-[(E)-3-Hydroxy-3-(3-indoH-^-phenyl)-propenyl]-5-oxo-pyrrolidin-l-)d}- 
20 heptanoic acid; 

7- { (R)-2- [ (E) -3-Hydroxy-3- ( (Z)-3-propenyl-phenyl)-propenyl] -5-oxo-pyrrolidin- 1-yl}- 
heptanoic add; 

7- { (R)-2- [ (E)-3-Hydroxy-3-(3-propyl-phenyl)-propenyi] -5-oxo-pyrroKdin- 1-yl}- 
heptanoic add; 

25 7-{(R)-2-[(E)-3-(3-I)imethylcarbamo)4-phenyl)-3-hydroxy-propen3d]-5-oxo-pyrroUd^ 
l-yl}-heptanoic add; 

7-((R)-2-{(E)-3-[3-(2-tert-Butoxy-ethoxy)-phenyl]-3-hydroxy-propenyl}-5-oxo- 
pyrrolidin-l-yl)-heptanoic acid; 
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7-((R)-2-{(E)-3-[3-(3-CWoro-phenoxy)-phenyl]-3-hydroxy-propen)^ 
l'-)4)-heptanoic acid; 

7-{(S)-2-[(R)-3-Hydroxy-3-(4^-hydroxy-2'-methyl-biphenyl-3-yl)-p 
pyrrolidin-l-ylj-heptanoic acid; 

5 7-((R)-2-{(E)-3-Hydroxy-3- [3-(4-methoxy-benzjd)-phenyl] -propenyl}-5-oxo-pyrrolidin- 

1- yl)-heptanoic acid; 

7-((R)-2-{ (E)-3-Hydroxy-3- [3-(tetrahydro-pyran-4-yUdenemethyl)-ph^ 
oxo-pyrrolidin-l-yl)-heptanoic acid; 

7-((R)-2-{(E)-3-Hydroxy-3-[3-(tetrahydro-pyran-4-yImethyl)-phenyl]-pro^ 
10 pyrrolidin-l-yl)-heptanoic add; 

7- [(R)-2-( (E)-3-Hydroxy-3-{3- [ l-(4-methoxy-phenyi)-methanoyl] -phenyl}-propenyl)-5- 
oxo-pyrrolidin-l-yl]-heptanoic acid; 

7-{{R)-5-[(E)-3-(4'-CWoro-2'-me%l-biphenyl-3-yl)-3-hydroxy-propenyl]-33-dim 

2- oxo-pyrrolidin-l-yl}-heptanoic acid; 

15 4-{3-[(R)-2-((S)-(E)-3-Hydroxy-oct-l-enyl)-5"Oxo-pyrroUdin-l-yl]-propyl}-bera^ 

3- {3- [ (R)-2-( (S)-{E)-3-Hydroxy-oct- 1 -enyl)-5-oxo-pyrrolidin- 1-yl] -propyl} -benzoic add; 

4- {2-[(R)-2-((S)-(E)-3.Hydroxy-oct-l-enyl)-5-oxo-pyrroUdin-l-yl]-eth)d}-be^^^ 
ethyl ester; 

2-{3-[(R)-2-((S)-(E)-3-Hydroxy-oct-l-enyl)-5-oxo-pyrroUdin-l-yl]-propyl}-benzoicad 

20 4-{2-[(R).2-((S)-(E)-3-Hydroxy-oct-l-enyl)-5-oxo-pyrroUdin-l-yl]-ethyI}-benzoicacid; 

l-{2-[(R)-2-((jB)-3-Hydroxy-oct-l-enyl)-5-oxo-pyrroKdin-I-yl]-ethyl}-lH-p^^ 
carbox)dic add; 

5- [(R)-2-((E)-3-Hydroxy-oct-l-enyl)-5-oxo-pyrrolidin-l-yl]-ethyl)-thiophene-2- 
carboxylic acid; 

25 4-(2-{(S).2-[(R).3.(4'-Chloro-2'-methyi.biphen3d-3.yl)-3-hydroxy-propyl]-5-oxo- 
pyrrolidin-l-yl}-ethyl)-benzoic add; 

Particularly preferred compounds of formula I are selected from the group consisting 
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ofi 

7-{(]?)-2-[(£)-3-(4'-Chloro-2'-methyl-biphenyl-3-yl)0-hydroxy-^^^ 
pyrrolidin~l-yl}-heptanoic acid; 

7-{{J?)-5-[(£)-3-Hydroxy-3-(5-trifluoromethyl-furan-2-yl)-prope 
5 oxo-pyrrolidin- 1-yl} -heptanoic add; 

7MW-5-[(£)-3-Hydroxy-4-(3-methoxymethyl-phen)d)-but-l-^ 
pyrrolidm-l-yl}-heptanoic add; 

7-((J?)-2-{(£)-3-[3-(4-cUoro-phenoxy)-phenylj-3-hydroxy-propenyl}-5-oxo-pyrroHdin- 
l-yl)-heptanoic add; 

10 4-{2-[(J?)-2-((£)-3-Hydroxy.oct-l-enyl)-5-oxo-pyrrolidin-l-yl]-e%^ 

4- (2-{(S)-2-[(J?).3-(4^Chloro-2'-me%l-biphenyl-3.yl)-3-hydroxy-prop^^ 
pyrrolidin-l-yl}-ethyl)-benzoic add; and 

5- [(]?)-2-((£)-3-Hydroxy-oct-l-enyI)-5-oxo-pyrroUdin-l-yl]-ethyl)-thio^^^ 
carboxylic add. 

15 Further preferred are compounds of formula I for use as therapeutically active 

substances. 

Another preferred aspect of the present invention are compounds in accordance with 
formula I for the production of medicaments for the prophylaxis and therapy of diseases 
associated with bone disorders. 

20 Also preferred is the use of compounds in accordance with formula I for the 

production of medicaments for the treatment and prophylaxis of diseases assodated with 
bone disorders. 

A further preferred embodiment of the present invention are pharmaceutical 
composition comprising a therapeutically effective amoxmt of a compound according to 
25 formula I in admixture with at least one suitable carrier diluent or excipient 

Another preferred aspect of the present invention is a method of treatment of a 
disease in a mammal treatable by administration of a selective EP4 prostaglandin agonist 
comprising administration to the mammal a therapeutically effective amount of a 
compound according to formula L Particularly preferred is the above method of treatment 
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Also preferred is the process for preparing a compound according to formula I which 
comprises reacting a compound of general formula a 




5 wherein m, R^, R^, R^, and R^ are defined as before and wherein R' is methyl or ethyl, with a 
phosphonate of general formula m 




m 

wherein R^ is defined as before, followed by reduction and optional hydrolysis to give a 
compoimd of Formula I 



10 




wherein R^ is hydrogen and m, R^ R\ R^ R^ and Z are defined as before. 

Further preferred is a process for preparing a compound of formula I which 
comprises reacting a compound of general formula 




15 wherein m, R^ R^ R^ and R^ are defined as before and R* means methyl or ethyl with a 
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phosphonate of general formula m 

o o 

m 

wherein is defined as before, followed by reaction with an organometallic compound of 
formula R M, wherein M is a metal or magnesium halide, and R^ is defined as beforein; 
5 and optional hydrolysis to give a compound of Formula I 




wherein A, m, R\ R\ R^ R^ R^ R^ and Z are defined as before. 

A fiirther preferred embodiment of the present invention is the process for preparing 
a compound according to formula I, which comprises: 

10 a) reacting a compoimd of formula 




wherein RP is a protecting group, R^ R^ R^ and R^ are defined as before, with an amine of 
formula 




15 v^erem m and Z are defined as before, followed by deprotection of the protected hydroxyl 
group to obtain a compound of formula 
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b) activating the hydroxy group in the compound obtained above and contacting the 
resulting compound with a base Mowed by deprotection of the protected hydroxy! to 
obtain a compound of formula 

5 




idizing the compound obtained in step b) to an aldehyde of formula 




d) reacting the above aldehyde with a phosphonate of general formula m 

o o 

m 

vdierdn is defined as beforein, to obtain compound of formula 
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e) reacting the compound obtained in step d) with an organometallic compound of 
formula R^M, wherein M is a metal or magnesium halide, and is defined as 
before; and 

5 f) optionafly hydrolysing the ester to give a compound of Formula 1. 

General Synthetic Scheme 

The compounds of this invention can be made by the methods depicted in the 
reaction schemes shown below. One skilled in the art will understand that certain 
10 modifications to the schemes are within the scope of the present invention as, for example 
certain steps involving the use of protecting groups for fiinctional groups that are not 
compatible with particular reaction conditions. 

The starting materials and reagents used in preparing these compounds are either 
available from conunercial suppUers such as Aldrich Chemical Co., (Milwaukee, WI), 
15 Bachem (Torrance, CA), or Sigma (St Louis, MO) or are prepared by methods known to 
those skilled in the art. These schemes are merely illustrative of some methods by which the 
compotmds of this invention can be synthesized, and various modifications to these 
schemes can be made and will be suggested to one skilled in the art having referred to this 
disclosure. 

20 Unless specified to the contrary, the reactions described herein take place at 

atmospheric pressure over a temperature range firom about -78 **C to about 150 *^C, more 
preferably firom about 0 °C to about 125 ° C and most preferably at about room (or 
ambient) temperature, e.g., about 20 ^C. 
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Scheme A bdow describes a general method of preparing compounds of Formula I 
and its analogs. In general, these compoxmds are prepared by reacting a phosphonate of 
formula m with an aldehyde of formula a to yield a compound of formula b. 
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Scheme A 




Aldehydes of formla a ( wherein R' is methyl, B is absent, m is five, R^, R^, R^ and R^ 
5 are hydrogen, the recited radicals correponding to those in Formula I) are known in the 
art. For example, (i?)-5-(hydroxymethyl)-2-pyrroUdinone is a commercial product and its 
preparation and conversion to a are described in S. Saijo et at. Chem. Pharm. Bull 1980, 
28y 1449-1458; (J?)-3,3-dimethyl-5-(hydroxymethyl)-2-pyrroUdinone, wherein R^ and R* 
are methyl and R^ and R^ are hydrogen, can be prepared according to Y. Nakagawa, et at, 
10 Tetrahedron 1998, 54, 10295-10307; and 4,4-dimethyl-5-(hydroxymethyl)-2-pyrrolidinone, 
wherein R^ and R^ are hydrogen and R^ and R^ are methyl can be prepared according to R. 
L. Mackman, etalj, Chem, Soc, Perkin Trans,, 1997, 2111-2122. 

Reaction of aldehyde a with a fi-ketophosphonate, of general formula m in the 
presence of a base such as, for example, sodium hydride, potassium t-butoxide, potassium 
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hexamethyldisilazide, or lithium chloride with a tertiary amine, in a solvent such as 
acetonitrile, tetrahydrofuran, l>2-dimethox)rethane, or t-butyimeth)dether, yields a 
compound of formula bj 

wherein -CH=CH- corresponds to A in Formula L 
5 Simple reduction of the ketone b with a hydride such as for example zinc 

borohydride in a solvent such as dichloromethane, toluene, ethanol, or tetrahydrofuran or 

the combination of sodium borohydride-cerium (III) chloride in a protic solvent such as 

methanol yields a diasteromeric mixture of alcohols of formula e. 

To obtain a compound of Formula I wherein A is -CH2-CH2-> and is aryl or 
10 heteroaryl, the double bond in compound b is initially reduced under an atmosphere of 

hydrogen gas in the presence of a catalyst such as plativun oxide or palladium on carbon. 

Other hydride reagents that can be use are, for example, the stoichiometric combination of 

lithium aluminum hydride-ethanol-(it)-(-)-binaphthol as described by R. Noyori, etal,. /. 

Am. Chem. Soc. 1984, J06, 6717-6725; the combination of catalytic amounts of (S)-2- 
15 methyl-"CBS"-oxazaborolidine with stoichiometric borane-dimethyl sulfide as described 

by E. J. Corey, et aL, /. Am. Chem, Soc. 1987, 109, 7925-7926; or stoichiometric amounts of 

fS)-3-pinanyl-9-borabicydo[3.3.1]nonane as described by M. M. Midland et aL, J. Am. 

Chem. Soc. 1980, 102, 867-869 to obtain compoimd c. 

Alternatively, the saturated alcohol (i.e., related to compounds of the general 
20 structure e.of Scheme A) of the general Formula I (when radical aryi or heteroaryl) can 

be obtained directly from compoimds of formula b by exposure to sodium borohydride in 

a protic solvent as ethanol or 2-methoxyethanol. 

Compounds of general formula d are prepared by the reaction of compounds of 

formula b and c with an organomagnesium halide comprising the R^ as defined above for 
25 Formula I, more preferably, with a Grignard reagent of general formula R^MgBr. 

The esters c_and e are hydrolyzed to the corresponding acids d and f by procedures 

well known by the artisan, such as addition of a base such as lithium, sodium of potassium 

hydroxide, or an add such as sulfiiric acid or hydrochloric add in a protic or ethereal 

solvent containing water, or by employing a Lipase type VII in 0.05 M aqueous phosphate 
30 buffer at pH 6.8 as described by C. Luthy, et aL J. Am, Chem. Soc. 1978, 100, 6211-6217. 

The phosphonate of general formula m can be prepared according to a method 

described in Scheme B below. 



35 
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Scheme B 




O O 



m 

Benzoic acid derivatives, for example, compounds of formula g and j,.(wherein L is a 
5 leaving group as defined herein) are either readily available or easily synthesized by those of 
ordinary skill in the art and are converted to compotmds of formula h and k, respectively. 
The conditions for the preparation of compounds of formula h are described in D. A. 
Evans et al Tetrahedron Lett, 1998, 39, 2937. The methods for the preparation of 
compoimds of formula k are described in A.M. Echavarren and J. K. Stifle /. Am. Chem. 
10 Soc. 1987, 209, 5478-5486, N. Miyaura and A. Suzuki Cherru Rev. 1995, 95, 2457-2483, and 
A. F. Littke et al /. Am. Chem. Soc 2000, J22, 4020-4028. Compounds h and k are 
converted into compound m by exposure to dialkyl methyl phosphonate, which is initially 
treated with a base such as normal butyUithium or lithium diisopropylanriide in an inert 
ether solvent such as tetrahydrofiiran, or t-butyimediyl ether. 

15 Scheme C describes a general method of synthesizing compounds of Formula I, 

wherein B is aryl or a heteroaryl. 
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Scheme C 




5 Compounds of the formula g are known. For example, fiiranone, a compound of 

formula q, wherein R^, R^ and R^ are hydrogen is a commercial product. Compounds 
of formula r are also known. For example, phenethyl amine, when Z in r is p-C(0)OH and 
m is 1, is a conmiercial product and can be converted into the corresponding ester by a 
person of ordinary skill in the art 

10 In Scheme C stepl, the hydroxyl of compound g is first protected with a protecting 

group as described in the specification, for example benzyl group. The protected lactone 
is condensed with amine r, neat or in a polar solvent such as acetonitrile, N-methyl-2- 
pyrrolidinone, iso-propanol, or tetrahydrofiiran to obtain compound s. Compounds of 
the formula t are prepared by activating the primary hydroxyl group of structure s (to a 

15 leaving group) by treatment with benzene sulfonyl chloride or methanesulfonyl chloride. 
The lactam formation is accomplished by exposure to a base such as potassixmi t-butoxide, 
sodium methoxide, or the like. Deprotection of the primary hydroxyl by reduction, with 
for example, hydrogen gas with a catalyst such as Raney-Ni, platinum oxide, or palladium 
on carbon will furnish compounds of the general structure t. Compound t is converted 



wo 03/008377 PCT/EP02/07574 

-34- 

into aldehyde aa by methods known in the art. Aldehyde M is converted into a compound 
of invention by the method described in Scheme A above for the conversion of aldehyde a. 

Utilitv 

The compounds of the present invention are selective EP4 prostaglandin agonists 
5 and may be used to treat several disease states associated with prostaglandin EP4 receptor- 
mediated diseases, particularly for disease states associated with bone disorders, 
characterized by low bone mass and deterioration of bone tissue, with a consequent 
increase in bone fragihty and susceptibility to fracture, especially those that require a 
significant increase in bone mass, bone volume, or bone strength. Conditions associated 

10 with low bone mass refer to a condition where the level of bone mass is below the age 
specific normal. Childhood idiopathic and primary osteoporosis are also included. 
Included in the treatment of osteoporosis is the prevention or attenuation of long term 
complications such as curvature of the spine, loss of height, prosthetic surgery, fracture 
healing and prevention of prostate malfimctioning. Also included is the treatment of bone 

15 loss associated with periodontitits or prosthetic ingrowth. Those skilled in the art will 
recognize that the term bone mass actually refers to bone mass per unit area which is 
sometimes referred to as bone mineral density. It has been discovered that the S-aza-ll- 
deoxy prostaglandin analogs of the present invention are usefiil for treating bone disorders. 
Other uses of these compounds comprise prevention and/or treatment of allergy, 

20 alveolar abscess, Alzheimer*s disease. Amyotrophic lateral sclerosis (ALS), arthritis, asthma, 
atopy, bronchitis, burns, cancer, cardiovascular disease, Crohn's disease, chronic 
obstructive respiratory diseases, congestive heart failure, gingivitis, glomerulonephritis, 
hepatitis, hepatic injury, acute hepatitis, hypertension, hypercytokinemia, immune 
disorders, inflammatory bowel disease, Kawasaki disease, liver failure, liver disease, limg 

25 failure, macrophage activation syndrome, multiorgan feilure, multiple sclerosis, 

myocardial ischemia, nephritis, neurodegeneration, neuronal death, organ transplant 
rejection, periodontitis, platelet aggregation, pulmonary injury, pulmonay fibrosis, 
pulmonary emphysema, renal fsdliure, renal insuflSdency, renal disorders, respiratory 
disease, septicemia, sepsis, shock, sleep and platelet aggregation disorders, Still disease, 

30 systemic granuloma, thrombosis, ulcerative colitis and uremia or as osteogenesis 
promotor. 
Testing 

The compounds of the present invention of Formula I bind and act on £P4 
receptors which is a subtype of PGE2 receptor. The effects of the compounds of the present 
35 invention may be measured with the activity assay using cells expressing prostanoid 
receptor subtypes as described in more detail in Example 10. The competitive binding 
activity of these compoimds to the intended target may be measured as described in 
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Examplell . The compounds of this invention may be evaluated for their effect on bone 
mass density in accord with the procedures of Gunness-Hey and Hock, Metab. Bone Dis. 5, 
177-181 (1984) , as described in more detail in Example 12. 
Administration and Pharmaceutical Composition 
5 In general, the compounds of this invention will be administered in a therapeutically 

effective amount by any of the accepted modes of administration for agents that serve 
similar utilities. The actual amount of the compound of this invention, i.e„ the active 
ingredient, will depend upon numerous fectors such as the severity of the disease to be 
treated, the age and relative health of the subject, the potency of the compound used, the 
10 route and form of administration, and other factors. 

Therapeutically effective amounts of compounds of Formula I may range from 
approximately 0.00005-10 mg per kilogram body weight of the recipient per day; preferably 
about 0.0001-1 mg/kg/day. Thus, for administration to a 70 kg person, the dosage range 
would preferably be about 0.01 mg to 1.0 mg per day. 

15 In general, compounds of this invention will be administered as pharmaceutical 

compositions by any one of the following routes: oral, systemic (e.g., transdermal, 
intranasal or by suppository), or parenteral (e.g., intramuscular, intravenoiis or 
subcutaneous) administration. The preferred manner of administration is oral using a 
convenient daily dosage regimen, which can be adjusted according to the degree of 

20 affliction. Compositions can take the form of tablets, pills, capsules, semisolids, powders, 
sustained release formulations, solutions, suspensions, elixirs, aerosols, or any other 
appropriate compositions. 

The choice of formulation depends on various factors such as the mode of drug 
administration (e.g., for oral administration, formulations in the form of tablets, pills or 

25 capsules are preferred) and the bioavailability of the drug substance. Recently, 

pharmaceutical formulations have been developed especially for drugs that show poor 
bioavailability based upon the principle that bioavailability can be increased by increasing 
the surface area Le., decreasing particle size. For example, U.S. Pat No. 4,107,288 describes 
a pharmaceutical formulation having particles in the size range from 10 to 1,000 nm in 

30 which the active material is supported on a crosslinked matrix of macromolecules. U.S. 
Pat. No. 5,145,684 describes the production of a pharmaceutical formulation in which the 
drug substance is pulverized to nanopartides (average partide size of 400 nm) in the 
presence of a sur&ce modifier and then dispersed in a liquid medium to give a 
pharmaceutical formulation that exhibits remarkably high bioavailability. 
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The compositions are comprised of, in general, a compound of Formula I in 
combination with at least one pharmaceutically acceptable excipient Acceptable 
excipients are non-toxic> aid administration, and do not adversely affect the therapeutic 
benefit of the compound of Formula 1. Such excipient may be any solid, liquid, semi-solid 
5 or, in the case of an aerosol composition, gaseous excipient that is generally available to 
one of skill in the art . 

SoHd pharmaceutical excipients include starch, cellvdose, talc, glucose, lactose, 
sucrose, gelatin, malt, rice, flour, chalk, silica gel, magnesium stearate, sodium stearate, 
glycerol monostearate, sodium chloride, dried skim milk and the like. Liquid and 
10 semisolid excipients may be selected firom glycerol, propylene glycol, water, ethanol and 
various oils, including those of petroleum, aninfial, vegetable or synthetic origin, e.g., 
peanut oil, soybean oil, mineral oil, sesame oil, etc. Preferred liquid carriers, particularly 
for injectable solutions, include water, saline, aqueous dextrose, and glycols. 

Compressed gases may be used to disperse a compound of this invention in aerosol 
15 form. Inert gases suitable for this purpose are nitrogen, carbon dioxide, etc. 

Other suitable pharmaceutical excipients and their formulations are described in 
Remington's Pharmaceutical Sciences, edited by E, W. Martin (Mack Publishing Company, 
18th ed., 1990). 

The level of the compound in a formulation can vary within the full range employed 
20 by those skilled in the art. Typically, the formulation will contain, on a weight percent 
(wt%) basis, from about 0.01-99.99 wt% of a compound of Formula I based on the total 
formulation, with the balance being one or more suitable pharmaceutical excipients. 
Preferably, the compound is present at a level of about 1-80 wt%. Representative 
pharmaceutical formulations containing a compoimd of Formula I are described in 
25 Example 9. 

EXAMPLES 

The following preparations and examples are given to enable those skilled in the art 
to more dearly understand and to practice the present invention. They should not be 
30 considered as limiting the scope of the invention, but merely as being illustrative and 
representative thereof. 
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Example 1 

7-l(J?)"2-f(EV3-(3-BenzyI-phenylV3-hydroxy"propenyl1-5-oxo-pyrroUdi^^ 

heptanoic add (1) 



Stepl: 




3-Ben2yl-'benzoic add methyl ester 




1)MeOH 
HCI 



2)TFA 
EtgSiH 




3-Benzoyi-benzoic add (5.12 g> 22.6 mmol) was stirred in methanol (45 mL) with 
10 cone. H2SO4 (2.0 mL) for 18 h at 60 ^'C The reaction mixture was diluted with eth^ 

acetate and then washed with an aqueous NaHCOs solution. The organic layer was dried 
over MgS04, filtered, and concentrated to provide 3-benzoyl-benzoic add methyl ester (5.4 
g> 22.6 mmol) in quantitative yield as a yellow oil. 

3-ben2oyl-benzoic acid methyl ester (653 mg, 2.72 mmol) was stirred in 
15 trifluoroacetic acid (3 mL) with trieth}dsilane (1.3 mL, 8.15 mmol) at room temperature 
for 22 h. The reaction mixture was diluted with ethyl acetate and washed with an aqueous 
NaHCOa solution. The organic layer was dried over MgS04, filtered and concentrated. 
The resultant oil was subjected to colunm chromatography (25 hexanes: 1 ethyl acetate) to 
provide 3-benzyl-benzoic acid methyl ester (589 mg, 2.6 mmol) as an oil 
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To a -78 ""C THF solution{10 mL) of dimethylmethylphosphonate (0.423 mL, 3.9 
5 mmol) was added 1.6M BuLi in hexanes (2.44 mL, 3.9 mmol). After Ih a THF solution (5 
mL) of 3-benzyl-benzoic acid methyl ester (589 mg, 2.6 mmol) was added. After 15 min. 
the reaction mixture was warmed to room temperature and stirred an additional 3h. The 
reaction mixture was quenched with an aqueous NaHCOa solution and extracted with 
ethyl acetate. The organic layer was dried over MgS04, filtered and concentrated. The 
10 residue was subjected to column chromatography (18 ethyl acetate: 1 hexanes) to provide 
[2-(3-benzyl-phenyi)-2-oxo-ethyi]-phosphonic acid dimethyl ester (677 mg, 2.12 mmol) 
as an oil. 

Step 3: 

15 7-l(J?V2-r(£)-3-(3-Benzyl-phenvD-3"OX0-propenyl1-5-oxo-pyrroIidin-l"vU-heptanoic 

add ethyl ester 




To 60% sodium hydride in mineral oil (20 mg, 0.51 mmol) was added a DME 
solution (5 mL) of [2-(3-benzyl-phenyl)-2-oxo-ethyl]-phosphonic add dimethyl ester 
20 (164 mg, 0.51 mmol). After 1.5 h a DME solution (5 mL) of 7-((l?)-2-formyl-5-oxo- 
pyn:olidin-l-yi)-heptanoic acid ethyl ester (126mg, 0.47 mmol) was added. The reaction 
mixture was stirred for 45 min. at room temperature then diluted with ethyl acetate and 
washed with an aqueous NaHCX)3 solution. The organic layer was dried over MgS04» 
filtered and concentrated. The residue was subjected to column chromatography (2.5 ethyl 
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acetate:! hexanes) to provide 7-{(Ji)-2-[(£)-3-(3-benzyl-phenyl)-3-hydroxy-propenyl]-5- 
oxo-pyrrolidin-l-yl}-heptanoic acid ethyl ester (1 12 mg, 0.24 mmol) as an oil. 

Step 4: 

7-(fJ?V2-ffE)-3-(3-Benzyi-phen^V3-hvdroxv-propenyl1-5-oxo-pvrroUdin^ 
5 heptanoicaddfl) 




To an ethanol solution (5 mL) of 7-{(l?)-2-[(£)-3-(3-Benzyl-phenyl)-3-hydroxy- 
10 propenyl] -5-oxo-pyrrolidin- l-yl}-heptanoic add ethyl ester ( 1 12 mg, 0.24 mmol) was 
added NaBH4 (37 mg, 0.97 mmol). The reaction mixture was stirred at room temperature 
for 2 h and then concentrated to near dryness. The residue was dissolved in ethyl acetate 
and washed with a brine solution. The organic layer was dried over MgS04, filtered and 
concentrated to provide 7-{(J?)-2-[(£)-3-(3-benzyl-phenyl)-3-hydroxy-propenyl]-5-oxo- 
15 pyrrolidin-l-yl}-heptanoic acid ethyl ester (122 mg, 0.24 mmol) as an oil in quantitative 
yield. Subsequently it was dissolved in alcohol (5 mL), and an aqueous solution (2.5 mL) 
of lithiimi hydroxide monohydrate (44mg, 1.05 nrniol) was added. After stirring at room 
temperature for 4 h the reaction mixture was concentrated to near dryness. The resultant 
concentrated solution was diluted with brine and washed with dichloromethane. The 
20 aqueous, layer was acidified with IN HCl and the product extracted into dichloromethane. 
The organic layer was dried over MgS04, filtered and concentrated to provide 7-{(i?)-2- 
[(£)-3-(3-benzyl-phenyl)-3-hydroxy-propenyl]-5-oxo-pyrrolidin-l-yl}-heptanoic add(l) 
(77 mg, 0.18 mmol) as an oil. MS: 436 [(M+H)"^). 

Following the method of Example 1 and replacing [2-(3-benz)d-phenyi)-2-oxo- 
25 ethylj-phosphonic add dimethyl ester in Step 3 with the following appropriate 

phosphonates prepared firom the corresponding known adds or methyl esters as described 
in steps 1 and/or 2, the following compoimds of Formula I were prepared: 
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(2-Naphthalen-2-yl-2-oxo-ethyl)-phosphonic acid dimethyl ester gives 7-[(J?)-2-((£)-3- 
hydroxy-3-naphthalen-2-yl-propenyl)-5-oxo-pyrrolidin-l-yl]-heptanoic add (2) MS: 396 
[(M+H)1; 

[2-Oxo-2-(3-phenoxy-phenyl)-ethyl]-phosphomc acid dimethyl ester gives 7-{(J?)-2-[(£)- 
5 3-hydroxy-3-(3-phenoxy-phenyl)-propenyI]-5-oxo-pyrroUdin-l-yl}-heptanoic add (3) 
MS:438 [(M+H)'']; 

(2-Oxo-2-phenyl-ethyl)-phosphonic acid dimethyl ester gives 7-[(J?)-2-((jB)-3-hydroxy-3- 
phenyl-propenyl)-5-oxo-pyrrolidin-l-yi]-heptanoic add (4) MS: 346 [(M+H)"*"]; 

[2-(3-Methoxy-phenyl)-2-oxo-ethyl]-phosphonic acid dimethyl ester gives 7-{(jR)-2-[(£)- 
10 3-hydroxy-3-(3-methoxy-phenyl)-propenyl]-5-oxo-pyrrolidin-l-yl}-heptanoic acid (5) 
MS: 376 [(M+H)""]; 

[2-Oxo-2-(4-phenoxy-phenyl)-ethyl]-phosphonic acid dimethyl ester gives 7-{(J?)-2-[(£)- 
3-hydroxy-3-(4-phenoxy-phenyi)-propenyl]-5-oxo-pyrrolidin-l-yl}-heptanoic add (6) 
MS: 438 [(M+H)'']; 

15 [2-(3-Ethoxy-phenyl)-2-oxo-ethyl]-phosphonic acid dimethyl ester gives 7-{(J?)-2-[(£)-3- 
(3-ethoxy-phenyl)-3-hydroxy-propenyl]-5-oxo-pyrrolidin-l-yl}-heptanoic add (7) MS: 
390 [(M+H)"-]; 

[2-(3-Ethyi-phenyl)-2-oxo-ethyl]-phosphomc add dimethyl ester gives 7-{(J?)-2-[(£)-3- 
(3-ethyl-phenyl)-3-hydroxy-propenyl]-5-oxo-pyrrolidin-l-yl}-heptanoic add (8) MS: 374 
20 [(M+H)-"]; 

[2-(3-Morpholine-4-sulfonyl)-phenyi -2-oxo-eth)4]phosphonic add dimethyl ester gives 
7-( (l?)-2-{ (£)-3-Hydroxy-3- [3-(morpholine-4-sulfon)d)-phenyl] -propenyl}-5-oxo- 
pyrro]idin-l-yl)-heptanoic add (9) MS: 495 [(M+H)"^]; 

[2-(3-Bromo-phenyl)-2-oxo-ethyl]phosphonic add dimethyl ester gives 7-{(J?)-2-[(jB)-3- 
25 (3-Bromo-phenyl)-3-hydroxy-propenyl] -5-oxo-pyrroUdin- 1 -yl}-heptanoic add ( 10) MS: 
425 [(M+H)^]; 

[2-(3-Hydroxy-phenyl)-2-oxo-ethyl]phosphonic acid dimethyl ester gives 7-(jR)-{2-[(£)-3- 
Hydroxy-3-(3-hydroxy-phenyl)-propenyl]-5-oxo-pyrrolidin-l-yl}-heptanoic acid (11) 
MS: 362 [(M+H)^]; 
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[2-(3-PyrroH-ylmethyl-phen)d)~2-oxo-ethyl]phosphoiiic acid dimethyl ester gives 7-{(il)- 

2- [(£)-3-Hydroxy-3-(3-pyTrol-l-ylmethyl-phenyl)-propenyl]-5-oxo-pyrroUd^ 
heptanoic add (12) MS: 425 [(M+H)"*"]; 

[2-3-Pyrazol-l-ylinethyl-phenyl)-2-oxo-ethyl]phosphonic acid dimethyl ester gives 7-{(J?)- 
5 2- [(£)-3-Hydroxy-3-(3-pyrazol- l-ylmethyl-phenyl)-propenyl] -5-oxo-pyrrolidin-l-yl}- 
heptanoic add (13) MS: 426 [(M+H)""]; • 

[2-(3-methoxymethyl-phenyl)-2-oxo-ethyl]phosphonic add dimeth)d ester 7-{(J?)-2-[(£)- 

3- Hydroxy-3-(3-methoxymethyl-phenyl)-propenyl]-5-oxo-pyrroUdi^ 
acid (14) MS: 390 [(M+H)1. 

10 [2-(3-cydopentyloxy-phenyi)-2-oxo-ethyl]phosphonic add dimethyl ester gives 7-{(J?)-2- 
[(£)-3-(3-Cyclopentyloxy-phenyl)-3-hydroxy-propenyl]-5-oxo-pyrrolidin-l-yl}-heptanoic 
acid (15), MS: m/z 430 (M^^); 

[2-(3-trifluormethyl-phenyl)-2-oxo-eth^]phosphonic add dimethyl ester gives 7-{(jR)-2- 
[(£)-3-Hydroxy-3-(3-trifluoromethyi-phenyl)-propenyl]-5-oxo-pyrrolidin-l-yi}- 
15 heptanoic add (16), MS: m/z 414 (M^*); 

[2-(3-trifluormethyl-phenyl)-2-oxo-ethyl]phosphonic acid dimethyl ester gives 7-{(S)-2- 
[ (jR) -.3-Hydroxy-3-( 3-trifluoromethyl-phenyl)-propyl] -5-oxo-pyrroUdin- l-yl}-heptanoic 
acid [(17), following hydrogenation of the product of step 3 (1 atm hydrogen gas, catalytic 
10% palladium on carbon in EtOAc, 1.5 h then subjected to reduction conditions 
20 described by E. L Corey, et al, /. Am. C/iem. Soc. 1987, 109, 7925-7926 using the (S)-2- 
methyl-CBS catalyst, 1 M toluene solution from Aldrich) instead of conducting the sodium 
borohydride treatment], MS: m/z 416 (M"*"^); 

[2-(3-phenoxymethyl-phenyl)-2-oxo-ethyl]phosphonic acid dimethyl ester gives 7-{(/i)-2- 
[(£)-3-Hydroxy-3-(3-phenoxymethyl-phenyl)-propenyl]"5-oxo-pyrroUdin-^ 
25 acid (18), MS: m/z 452 OT^); 

7.{(lj)-2-[(£)-3-Hydroxy-3-(3-phenoxymethyl-phenyl)-propenyl]-5-oxo-pyiToU 
heptanoic acid methyl ester (19), MS: m/z 466 Qs/t^); 

2-[3-(l-methyMf/-pyrrol-2-yl)-phenyl)2-oxo-ethyI]phosphonic acid dimethyl ester gives 
7-((i?)-2-{(£)-3-Hydroxy-3-[3Kl-methyl-lH>pyrrol-2-yl)~phenyl]-propen 
30 pyrroUdin-l-yl)-heptanoic add (20), MS: m/z 425 (M^^); 
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7-((/?)-2-{(£)-3-Hydroxy-3-[3-(l-methyl-lH-pyiTol-2-yl)-phenyl]-^^^ 
pynolidin-l-yl)-heptanoic acid methyl ester (21), MS: m/z 440 (M*^); 

[2-(3-butoxy-phenyl)-2-oxo-eth)d]phosphonic acid dimethyl ester gives 7-{(J?)-2-[(£)-3- 
(3-Butoxy-phenyl)-3-hydroxy-propenyl]-5-oxo-pyrrolidin-l-yl}-heptanoic acid (22), MS: 
5 m/z 418 (M^^); 

[2-(3-benzyloxy-phenyl)-2-oxo-ethyi]phosphonic add dimethyl ester gives 7-{(J?)-2-[(£)- 
3-(3-Benzyloxy-phenyi)-3-hydroxy-propenyl]-5-oxo-pyrrolidin-l-yi}-heptanoic add (23), 
MS: m/z 452 (M""^); 

{2-[3-(2-chlorobenzyloxy)-phenyl]-2-oxo-ethyl}phosphonic add dimethyl ester gives 7- 
10 { (jR)-2- [ (£)-3- (2-chIorobeiizyloxy) -phenyl)-3-hydroxy-propenyl] -5-oxo-pyrrolidin- 1 -yi}- 
heptanoic acid (24), MS: m/z 487 (M"^^); 

2-[2-biphenyl)-2-oxo-ethyl]phosphonic acid dimethyl ester gives 7-[(/?)-2-((£)-3- 
Biphenyl-2-yl-3-hydroxy-propenyl)-5-oxo-pyrrolidin-l-yl]-heptanoic acid (25), MS: m/z 
Ml (M**); 

15 [2-(3-(2-morpholino-4-yI-ethoxy)-phenyl)-2-oxo-ethyl]phosphonic add dimethyl ester 
gives 7-((J?)-2-{(jB)-3-Hydroxy-3-[3-(2-morpholin-4-yl-ethoxy)-phenyl]-propeny 
oxo-pyrrolidin-l-yl)-heptanoic add (26), MS: m/z 475 (M^^); 

[3-(methyl-phenyi-amino)-phenyl-2-oxo-ethyl]phosphonic acid dimethyl ester gives 7- 
((i?)-2-{(£)-3-Hydroxy-3-[3-(methyl-phenyI-amino)-phenyl]-propenyl}-5-oxo- 
20 pyrrolidin-l-yl)-heptanoic acid (27), MS: m/z 451 (M"^^); 

[3-(methyl-^>-tolyl-amino)-phenyl-2-oxo-ethyl]phosphomc add dimethyl ester gives 1- 
((i?)-2-{(£)-3-Hydroxy-3-[3-(methyl-(?-tolyl-aimno)-phenyl]-propenyl}-5-^^ 
I-yl)-heptanoic acid (28), MS: m/z 465 (M^^); 

[2-(3-phenethyloxy-phenyl)-2-oxo-ethyl]phosphomc acid dimethyl ester gives 7-{(i?)-2- 
25 [(£)-3-Hydroxy-3-(3-phenethyloxy-phenyl)-propenyl]-5-oxo-pyrrolidin-l-yl}-heptanoic 
acid (29), MS: m/z 466 (M"^); 

[2- { 3 - [2-(2-oxo-pyrrolidin- 1 -y l)-ethoxy]-phenyl } 2-oxo-ethyl]phosphonic acid dimethyl 
ester gives 7- [(7?)-2-((£)-3-Hydroxy-3-{ 3-[2-(2-oxo-pyrTolidin- 1 -yl)-ethoxy]-phenyl } - 
propenyl)-5-oxo-pyrrolidin-l-yl]-heptanoic acid (30), MS: m/z 473 (M*^^); 
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[2-[3-(2-fe7t-Butoxy-ethoxy)-phenyl]-2-oxo-ethyl]phosphoiiic acid dimethyl ester gives 7- 
((i?)-2-{(£)-3-[3-(2-f^rf-butoxy-ethoxy>phenyl]-3-hydroxy-propenyl}-5K)xo-p^ 
yl>heptanoic acid (31), MS: m/z 462 (Nf ^); 

[2-[3-indol-l-yl-phenyl]-2-oxo-ethyl]phosphoiiic acid dimethyl ester gives 7-{(/?)-2-[(£)- 
5 3-Hydroxy-3-(3-indoH-yl-phenyl)-propenyl]-5-oxo-pyrrohdin-l-yl }-heptanoic acid (32), 
MS:/n/z461 (M"^); 

{2-[(2)-3-propenyl-phenyl]-2-oxo-ethyl}phosphonic acid dimethyl ester gives 7-{(l?)-2- 
[(£)-3-Hydn>xy-3-((2)-3-propenyl-phenyl)-propenyl]-5-oxo-pyn-oUdin-l-y^ } -heptanoic 
acid (33), MS: wJz 386 (NT**^); 

10 [2-(3-propyl-phenyl)-2-oxo-ethyl]phosphomc acid dimethyl ester gives 7-{ (/?>2-[(£)-3- 
Hydroxy-3-(3-propyl-phenyl)-propenyl]-5K>x(>-pyrrolidin-l-yl}-heptanoic acid (34), MS: 
m/z 388 (M^^); 

[2-(3-Dimethylcarbamoyl-phenyl)-2-oxo-ethyl]phosphoiiic acid dimethyl ester gives 7- 
{(/2)-2-[(£r)-3-(3-Dimethylcarbamoyl-phenyl)-3-hydroxy-propenyl]-5-oxo-pyrroUd^^ 
15 yl }-heptanoic acid (35), MS: m/z 417 (M^*); 

{2-[3-(tetrahydro-pyran-4-ylidenemethyl)-phenyl]-2-oxo-ethyl}phosphonic acid dimethyl 
ester gives 7-((/?)-2-{ (£)-3-Hydroxy-3-[3-(tetrahydropyran-4-ylidenemethyl)-phenyl]- 
propenyl}-5-oxo-pyrrolidin-l-yl)-heptanoic acid (36), MS: 7n/z442 (M^^); 

{2-[3-(tetrahydro-pyran-4-ylmethyl)-phenyl]-2-oxo-ethyl}phosphonic acid dimethyl ester 
20 gives 7-((/?)-2-{(E)-3-Hydroxy-3-[3-(tetrahydro-pyran-4-ylmethyl)-phenyl]-pro 
oxo-pyiTolidin-l-yl)-heptanoic acid (37), MS: rnJz 444 (M^^); 

{2-[3'-(4-methoxy-benzyl)-phenyl]-2-oxo-ethyl}phosphonic acid dimethyl ester gives 7- 
((/?)-2- { (£)-3-Hydroxy-3-[3-(4-methoxy-benzyl)-phenyl]-propenyl } -5-oxo-pyrroUdin-l- 
yl)-heptanoic acid (38), MS: m/z 466 (M^^); and 

25 [2-oxo-2-(5-trifluoromethyl-furan-2-yl)-ethyl] -phosphonic acid dimethyl ester gives 7- 
{(J?)-2- [(£)-3-Hydroxy-3-(5-trifluoromethyl-furan-2-yl)-propenyl] -5-oxo-pyrrolidin-l- 
yl}-heptanoic add (39), MS: m/z 404 (M^^).. 
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Example 2 

7-{fi;V24(£V3-(3-Benzoyl-phenyI)-3-hvdroxy-propenyll-5-oxo-p Y^Qlidin-l-^^ 

heptanoic acid (40) 




Stepl: 

3-(Dimethoxy-phenyl-methyl)-benzoic acid methyl ester 

A methanol solution (15 mL) of 3-benzoyl-benzoic add (2 g, 8.84 mmol) and 
10 methanesxilfonic acid (0.115 mL, 1.77 mmol) was heated at 65 for 20 h and then cooled 
to room temperature. To this solution was added trimethyl orthoformate (1.45 mL, 13.26 
mmol) and stirring continued for 24 h. The reaction solution was then diluted with ethyl 
acetate and washed with NaHCOa. The organic layer was dried over MgS04, filtered and 
concentrated. Flash chromatography (20 hexanes: 1 ethyl acetate + 0.25% triethyl amine) 
15 provided 3-(dimethoxy-phenyl-methyl)-benzoic acid methyl ester (951 mg) as an oil. 



1)HCI 
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Step2: 

l2'[3-(Dimethoxy-phenvl-methvl)-phenyl1'2'OXO-ethylt-phosphonic acid dimethyl ester 

To a -JS^'C THF solution (5 mL) of dimethylmeth^ phosphonate (0.54 mL, 4.98 mmol) 
5 was added 1.6M BuLi (3.11 mL, 4.98 mmol). After stirring 40 min. a THF solution (5 mL) 
of 3-(dimethoxjr-phenyi-methyl)-benzoic add methyl ester (951 mg, 3.32 mmol) was 
added. After 15 min. the reaction mixture was warmed to room temperature. The reaction 
mixture was stirred an additional Ih at room temperature and then quenched by the 
addition of NaHCOa solution. Dilution with ethyl acetate was followed by washing with 
10 NaHCOs. The organic layer was dried over MgS04, filtered and concentrated. Flash 
chromatography (15 ethyl acetate: 1 hexanes + 0.25% triethyl amine) provided {2-[3- 
(dimethoxy-phenyl-methyl)-phenyl]-2-oxo-ethyl}-phosphonic acid dimethyl ester (784 
mg, 2.07 nunol) as an oil. 




15 Step 3: 

7-((jR)-2-( f£)-3- [3-f Dimethoxv-phenvl-methvD-phenvll '•3-oxo-propenyU-5-oxo- 
pyrrohdin-l-yD-heptanoic acid ethyl ester 




To 60% sodium hydride (20 mg, 0.51 mmol) was added a dimethoxyethane 
20 solution (5 mL) of {2-[3-(dimethoxy-phenyl-methyl)-phenyl]-2-oxo-ethyl}-phosphonic 
add dimethyl ester (193 mg, 0.51 mmol). After 1.5 h a dimethoxyethane solution (5 mL) 
of 7-((jR)-2-fFormyi-5-oxo-pyrrolidin-l-)d)-heptanoic add ethyl ester (126 mg, 0.47 
Domol) was added. The reaction mixture was stirred for 1 h , diluted with ethyl acetate and 
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washed with NaHCOs. The organic layer was dried over MgS04, filtered and 
concentrated. Flash chromatography (3 ethyl acetate: 1 hexanes + 0.25% TEA) provided 7- 
((i?)-2-{ (£)-3- [3- (dimethoxy-phenyl-methyi)-phenyi] -3-oxo-propenyl}-5-oxo-pyrrolidin- 
l-yl)-heptanoic acid ethyl ester (124 mg, 0.24 mmol) as an oil. 

5 Step 4: 

7-ffJ?V2-lf£)-3-r3-fDimethoxy-phenyl-methylVphenyl1-3-hydroxv-propenvU-5-oxo- 

pvrrolidin-l-yl)-heptanoic acid 




To an ethanol solution (5 mL) of 7-((-R)-2-{(£)-3-[3-(dimethoxy-phenyl-methyl)- 
10 phen^]-3-oxo-propenyi}-5-oxo-pyrrolidin-l-yl)-heptanoic add ethyl ester (124 mg, 0.24 
mmol)was added NaBH4 (36mg, 0.96mmol). The reaction mixtmre was stirred for 2.25 h 
and then concentrated to dryness. The residue was dissolved in ethyl acetate and washed 
with NaHCOa- The organic layer was dried over MgS04, filtered and concentrated to 
provide 7-((J?)-2-{(jB)-3-[3-(dimethoxy-phenyl-methyl)-phenyl]-3-hydroxy-propenyl}-5- 
15 oxo-pyrroHdin-l-yl)-heptanoic add ethyl ester. To a methanol solution (5 mL) of 7-((J?)- 

2- {(£)-3-[3-(dimethoxy-phenyl-methyl)-phenyl]-3-hydroxy-propenyl}-5-oxo-pyrrolidin- 
l-yl)-heptanoic acid ethyl ester was added an aqueous solution(2.5 mL) of LiOH 
monohydrate (46 mg, 1.09 mmol). The reaction mixture was stirred for 6 h and then 
concentrated to remove the methanol. The aqueous concentrate was diluted with CH2CI2 

20 and 1 N HCl was added, extracted with CH2CI2 and dried over MgS04. This mixture was 
filtered and concentrated to yield 7-((J?)-2-{(£)-3-[3-(dimethoxy-phenyl-methyl)-phenyl]- 

3- hydroxy-propenyl}-5-oxo-pyrroUdin-l-yl)-heptanoic acid (116 mg, 0.23 mmol) as an 

oa. 
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Step 5: 

7-UJ?)-2- [(£V3-f 3"Benzoyl-phenylV3-hydroxy-propenyn -S-oxo-pvrrolidin- l-yll- 

heptanoic add 




Ap-dioxane solution (5 mL) of acid/ketal 7-((J?)-2-{(£)-3-[3-(dimethoxy-phenyl- 
inethyi)-phenyl]-3-hydroxy-propenyl}-5-oxo-pyrrolidin-l-yl)-heptanoic acid (116 mg, 
0.23 mmol) was stirred with IN HCL (1 mL, 1.0 mmol) for 18 h. The reaction solution was 
10 diluted with ethyl acetate and washed with NaHCOj. The organic layer was dried over 
MgS04, filtered and concentrated to provide 7-{(]?)-2-[(JS)-3-(3-benzoyl-phenyl)-3- 
hydroxy-propenyl]-5-oxo-pyrrolidin-l-yl}-heptanoic acid (40)(83 mg, 0.18 mmol) as an 
oil; MS: 450 [(M+H^]. 

Similarly replacing {2- [3-(dimethoxy-phenyl-methyl)-phenyl] -2-oxO'-ethyl}- 
15 phosphonic acid dimethyl ester in Step 3 with the following appropriate phosphonates 
prepared firom the corresponding known adds or esters as described in steps 1 and/or 2, 
the following compound of Formula I was prepared: 

(2- { 3-[dimethoxy-(4-methoxyphenyl)-methyl] -phenyl } -2-oxo-ethyl)-phosphomc acid 
dimethyl ester 7-[(/?)-2-((£)-3-Hydroxy-3-{ 3-[l-(4-methoxy-phenyl)-methanoyl]-phenyl }- 
20 propenyl)-5-oxo-pyrrolidin-l-yl]-heptanoic acid (41), MS: mJz 480 (M^^). 
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Example3 

7'URV2-[fE)-3-Hydroxy'3-f2'-melhyl-biphenyl-3-vl)-propen\d1>5-oxo-py^ 

heptanoic acid methvl esterf42) 




5 Stepl: 

7- 1 (R)-2- \ f £)-3-(3-Broino-phenyD -3-oxo-propenvn -5-oxo-pvrrolidin- 1 -vll-heptanoic 

acid methyl ester 




To a solution of NaH (0.14 g, 1 eq) in 30 mL of eth)dene glycol dimethyl ether 
10 stirred at 0**C under nitrogen was added [2-(3-bromo-phenyl)-2-oxo-ethyl] -phosphonic 
add dimethyl ester (1.82 g, 1.05 eq). After 1 hour at 0 °C, 7-((J?)-2-formyl-5-oxo- 
pyrrolidin-l-yl)-heptanoic acid methyl ester (1.44 g, 5.64 mmol) in 2 mL of DME was 
added slowly. The ice bath was removed and then the mixture was stirred for an additional 
3 hours at room temperature. Saturated ammonium chloride solution was added and the 
15 solution was extracted with ethyl acetate. The organic layer was dried over anhydrous 
magnesium sul&te, concentrated under reduced pressure, and purified by 
chromatography. EtOAc(l):Hexane(l)followed by EtOAc(5):Hexane(l) to yield 1.6 g of 7- 

{(J?)-2-[(jB)-3-(3-bromo-phenyl)-3-oxo-propen^]-5-oxo-pyrrolidin-l-yl}-heptanoicacid 
meth)d ester. 



20 
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Step 2: 



7-lfJ?)-2-[f£)-3-(3-Bromo-phenvl)-3"hvdroxv-prQpenvl1-5'Oxo-pyiToUdin- 

heptanoic add methvi ester 



o 



o 




Br 



NaBH^ 




'3 



Br 



5 



To a solution of 7-{(i?)-2-[(£)-3-(3~bromo-phenyl)-3-oxo-propenyl]-5-oxo-pyrrolidin-l- 
yl}-heptanoic acid methyl ester (0.78 g, 1.79 mmol) in 15 mL of methanol stirred at 0 
under nitrogen was added sodium borohydride (0.074 g). The reaction mixture was stirred 
at room temperature for 6 hours. After addition of 1 N HCl solution the mixture was 
10 extracted with ethyl acetate. The organic layer was dried over anhydrous magnesium 
sulfate, concentrated, and purified by chromatography eluting with 50% EtOAc and 
Hexane followed by 100% EtOAc to yield 670 mg of 7-{(jR)-2-[(£)-3-(3-bromo-phenyi)-3- 
hydroxy-propenyl]-5-oxo-pyrrolidin-l-yl}-heptanoic acid methyl ester. 

15 Step 3: 

7'lfRV2»ffE)-3-Hydroxy>3-(2'-methyl-biphen^-3-yD-propenyl1'5-oxo-pvrroKdin-l'^^ 

heptanoic add methyl ester 




20 To a solution of 7-{(R)-2-[(E)-3-(3-bromo-phenyl)-3-hydroxy-propenyi]-5-oxo- 

pyrrolidin-l-yl}-heptanoic add meth)d ester,(0.2 g, 0.46 mmol) in 10 mL of DME stirred at 
room temperature was added Pd(Ph3P)4 (0.03 g, 0.05 eq). After stirring for 5 minutes, o- 
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tolylboronic add (0.12 g, 2 eq) an 2M NazCOs (0.6 mL, 2.5eq) were added and the mixhire 
was refluxed overnight under N2 atmosphere. The reaction mixture was cooled to room 
temperature, diluted with 25% NKiOac (10 mL), stirred for 5 minutes and then was 
extracted with ethyl acetate, the organic layer was dried over MgS04 (anhydrous), 
5 concentrated under the reduced pressure and purified to yield 87 mg of 7-{(iJ)-2-[(£)-3- 

hydroxy-3-(2'-methyl-biphenyi-3-yl)-propenyl]-5-oxo-pyrrohdin-l-yl}-heptanoicacid 
methyl ester. 

Step 4: 

7-{(J?)-2-[(£)-3-Hvdroxv-3-r2'-met hvl-biphenv1-3-v»-propenvn-5-oxp-pvrrnhdin-l-yll- 

heptanoic acid. 




To a methanol solution (5 mL) of 7-{(J?)-2-[(£)-3-Hydroxy-3-(2'-methyi- 
15 biphenyl-3-yi)-propenyl] -5-oxo-pyrroUdin-l-yl}-heptanoic acid methyl ester (87 mg) was 
added an aqueous solution (2.5 mL) of LiOH monohydrate. The reaction mixture was 
stirred for 6 h and then concentrated to remove the methanol The aqueous concentrate 
was diluted with CH2CI2 and IN HCl was added, extracted with CHaQz and dried over 
MgS04. This mixture was filtered and concentrated to yield 62 mg of 7-{(J?)-2-((£;-3- 

20 Hydroxy-3-(2'-methyl-biphenyl-3-yi)-propenyl]-5-oxo-pyrroUdin-l-yl}-heptanoic acid as 
an oil (42) (50).MS:435 [(M+H)^. 

Similarly replacing o-tol)dboronic add in Step 3 with appropriately substituted 
phenylboronic add the following compounds were prepared: 

7-[(J?)-2-((£)-3-Biphenyl-3-yl-3-hydroxy-propenyl)-5-oxo-pyrroUdin-l-yl]-heptanoic 
25 add (43), MS: m/z All [(M**)*]; 
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7-{(J?)-2-[(£)-3-(2*-Ethoxy-biphenyl-3-yl)-3-hydroxy-propen)d]-5-ox()-pyrro^ 
heptanoic add (44), MS: m/z 466 [(M'*'^)'']; 

7-{(]?)-2-[(£)-3-(2*-CUoro-biphenyl-3-yl)-3-hydroxy-propenyl]-5-oxo-pynoUd^ 
heptanoic acid (45), MS: m/z 457 [(M""*)^]; 

5 7-{(Ji)-24(J2)-3-(4-CUoro-biphenyl-3-yi)-3-hydroxy-propen)4]-5-oxo-pyrroUdin-l-)d} 
heptanoic add (46), MS: m/z 457 [(M*^)""]; 

7-{(J?)-2-[(£)-3-(3'-CWoro-biphenyl-3-yl)-3-hydroxy-propenyi]-5-oxo-pyrroUdin-^ 
heptanoic acid (47), MS: m/z 457 [(M""^)^]; 

7-{(fi)-2-[(J5)-3-(4'-Chloro-2'-methyl-biphenyl-3-yl)-3-hydroxy-propenyl]-5-oxo- 
10 pyrrolidin-l-yl}-heptanoic acid (48), MS: m/z 471 [(M"^^ )■*"]; 

7-{(i?)-2-[(£)-3-(4'-Hydroxy-2'-methyl-biphenyl-3-yl)-3-hydroxy-propenyl]-5-oxo^ 
pyrrolidin-l-yl}-heptanoic add (49), MS: m/z 452 [(M"*"^)"*^]; 

7-{(i?)-2-[(£)-3-(4'-Chloro-2'-niethyl-biphenyl-3-yl)-3-hydroxy-prop)4]-5-oxo- 
pyrrolidin-l-yl} -heptanoic acid [(50), was prepared following hydrogenation of the 
15 product of step 1, 1 atm hydrogen gas with 10% palladium on carbon in EtOAc, 1.5 h), 
MS: m/z 473 [(M^')-"]; 

7-{(S)-2-[(J?)-3-Hydroxy-3-(4-hydroxy-2*-niethyl-biphenyl-3-3d)-propyl]-5-oxo- 
pyrrolidin-l-yl}-heptanoic acid [(51), was produced after step 3 while excluding the 
treatment described in step 2; 1 atm hydrogen gas, catalytic 10% palladium on carbon in 
20 EtOAc, 1.5 h and then subjected to reduction conditions described by £. J. Corey, et aL, /. 
Am. Chem. Soc. 1987, J09, 7925-7926 using the (S)-2-methyl-CBS catalyst, 1 M toluene 
solution from Aldrich], MS: m/z 454 [(M""^)*"]. 



Similarly use of [2-(3-Bromo-4-methyl-phenyl)-2-oxo-ethyl]phosphonic add 
dimethyl ester in step 1 gives 7-{(i?)-2-[(jB)-3-(6,2*-Dimethyl-biphenyi-3-yl)-3-hydroxy- 
25 propenyl]-5-oxo-pyrroUdin-l-yl}-heptanoic add (52), MS: 362 [(M+H)"^]. 
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Example4 

7-KS)-2-f3-fl-Benzyl-lH-pyra2ol-4-yIV3-hydroxy-propyI1-5-oxo-p^ 

heptanoic acid (53) 




Step 1: 

r2-(l-Benzvl-lH-pvrazol-4-vn-2-oxo-ethvi1-phosphonic acid dimethyl ester 

10 

A suspension of ethyl 4-pyrazole carboxylate (2.2 g, 15.7 mmol) and cesium 
carbonate (5.2 g, 15.7 nmiol) in dimethylformamide (100 mL) at ambient temperature was 
treated with benzyl bromide (1.9 mL, 15.7 mmol). The mixture was heated to 90 for 45 
minutes, cooled to ambient temperature, and partitioned between water (400 mL) and 1:1 

15 hexanerethyl acetate (4 x 150 mL). The combined organic extracts were washed with brine 
(2 X 100 mL) and stored over anhydrous magnesium sulfate. The volatfles were removed 
and the residue was loaded onto a column of silica gd. The desired product duted with 3:1 
hexane:ethyl acetate and was obtained as a white solid (3.4 g). In a separate vessd, a 
tetrahydrofiiran (80 mL) solution of dimeth^d meth^phosphonate (Aldrich, 1.6 mL, 15 

20 nrniol) was cooled to -78 and treated with normal-butyllithium (6,0 mL, 15 mmol). 
After 45 minutes, a tetrahydrofiiran (20 mL) solution of the ester above (2.3 g, 10 mmol) 
was added and the mixture was warmed to 0 over 30 minutes. The mixture was poured 
into aqueous ammonium chloride and extracted with ethyl acetate (2 x 100 mL). The 
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combined organic extracts was washed with fresh water (2 x 50 mL) then brine and stored 
over anhydrous sodium sulfate. The volatiles were removed by rotary evaporator and the 
residue loaded onto a column of silica gel. The desired [2-(l-ben2yl-lH-pyrazol-4-yl)-2- 
oxo-ethyij-phosphonic add dimethyl ester was duted with 20:1 ethyl acetateimethanol and 
5 was obtained as an oil (1.68 g). 



Step2: 

7-{fjRV24(£)>4-a-Benzyl-lH-pvrazol-4-vlV3-oxo-but-l-envl1-5-oxo-pv^^ 

heptanoic acid ethyl ester 




7-{ (J?)-2- [ (£)-4-( 1-Benzyl- lH-pyrazol-4-yl)-3-oxo-but- 1-enyl] -5-oxo-pyrrolidin-l- 
yi}-heptanoic add ethyl ester was produced according to Example 1 Step 3, using [2-(l- 
benzyl-IH-pyra2ol-4-yl)-2-oxo-ethyl]-phosphonic add dimethyl ester (820 mg, 2.66 
15 mmol) in dimethoxyethane with sodium hydride (95%, 70 mg, 2.66 mmol) and 7-((i?)-2- 
formyl-5-oxo-pyrrolidin-l-yl)-heptanoic acid ethyl ester (ca. 800 mg, 2.8 mmol). The 
desired enone (419 mg, 0.93 mmol) was isolated as an oil. 

Step 3: 

7-UJ?V2-r(£)-4-a-Benzvl-ltf-pyrazol-4-vlV3-oxo-but-l-envl1-5-oxo-pv^^ 
20 heptanoic acid 
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The pyrazole-containing enone (210 mg, 0.46 mmol) was dissolved in methanol (5 
mL), cooled to 0 °C and treated with sodium borohydride (50 mg, 1.3 mmol). After 
stirring at ambient temperature for 15 minutes, acetone (2 mL) was added and the volatiles 
5 were removed. Methanol was added again and the volatiles were removed again. The 
residue was suspended in 0.05 M aqueous phosphate solution at pH 6.5 {ca. 50 mL) and 
treated with Lipase type VII (Sigma, 2 g) and stirred vigorously for 2 hours at ambient 
temperature. The suspension was diluted with diethyl ether (ca. 25 mL) and filtered 
through a pad of Celite. The layers were separated and the aqueous layer was washed again 
10 with ether. The aqueous layer was now acidified with glacial acetic acid and extracted with 
ethyl acetate (4 x 25 mL). The combined organic extracts were stored over anhydrous 
sodium sulfate. Following filtration, the desired 7i{(J?)-2-[(£)-4-(l-benzyHH-pyrazol-4- 
yl)-3-oxo-but- 1-enyl] -5 -oxo-pyrroUdin-l-yl}-heptanoic acid (53) (70)(109 mg, 0.25 
nunol) was obtained following removal of the volatiles: MS: 428 [(M+H)"*^]. 

15 Examples 

7-{(5)-243-Hvdjoxv-3-(5-o--tolvl-fiiran-2-vn-propvl1-5-oxo--pvrroMdin- l-vlKh^^^ 

acid f 54) 




Step 1: 

20 r2-(5-Bromo-furan>2-vn-2-oxo-ethvll-phosphonic acid dimethyl ester 

The methyl ester of 5-bromo-2-furoic acid was prepared upon treatment with 
trimeth)dsilyldiazomethane. The ester (10.2 g, 47 mmol) was dissolved in tetrahydrofiiran 
(40 mL) and added to a -78 ^'C solution of Kthiated dimethyl methylphosphonate (90 
mmol). The desired [2-(5-bromo-fiiran-2-yl)-2-oxo-ethyi]-phosphonic add dimethyl 
25 ester (5.83 g, 19.5 mmol) was isolated as described above:. 
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Step 2: 

7-f(j?)-2-F(£)-3-(5-Bromo-furan-2-yl)-3-oxo-propenvl1-5-oxO'pvrroUdin-l-^^ 

acid ethvl ester 



5 The7-{(J?)-2-[(£)-3-(5-Bromo-furan-2-yl)-3-oxo-propenyl]-5-oxO"pyrroUdin- 
yl}-heptanoic add ethyl ester above was prepared as described in Example 4 Step 1 using 
the 5-bromo-2-furo)d phosphonate (1.12 g, 3.8 mmol) as a solution in dimethoxyethane 
(95 mL), sodium hydride (95%, 91 mg, 3.6 mmol) and then treated with 7-((l?)-2-formyl- 
5-oxo-pyrrolidin-l-yl)-heptanoic add methyl ester (1.2 g, 4 mmol): to yield 7-{(jR)-2-[(£)- 

10 3-(5-bromo-furan-2-3d)-3-oxo-propenyl]"5-oxo-pyrrolidin-l-yl}-heptanoic add ethyl 
ester MS: 442 (M"*"! with "Br), 440 (Nfl with ^'^Br). 




Step 3: 

7-{fS)-2-[3-Hydroxy-3-(5-o-tQlyl-furan-2-yl)-propylV5-oxo-pyrrohdin-l-^ 
15 acid 




2) NaBH^ 

3) NaOH 




7-{(J?)-2-[(£)-3-(5-Bromo-furan-2-yl)-3-oxo-propenyl]-5-oxo-pyrroUdin-l-yl}- 
heptanoic add ethyl ester was dissolved in anhydrous 1,4-dioxane (3 mL) under an argon 
20 atmosphere treated with potassiimi carbonate ( 130 mg, 0.94 mmol), 2-methylphenyl 
boronic add (64 mg, 0.47 mmol), and bis(triphenyiphosphine)palladiumdichloride (33 
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mg, 0.047 mmol). The yellow suspension was warmed to 55 for 15 hours and then the 
volatiles were removed. The mixture was then dissolved in methanol (10 mL) and stirred 
with sodiimi borohydride (ca. 35 mg, 0.9 mmol) for 20 minutes at ambient temperature 
and treated with acetone (1 mL). After removal of the volatiles, the residue was treated 
5 with methanol and the volatiles were removed once again. The residue was loaded onto 1 
nun thick silica plates and the plates were developed two-times with 3% iso-propanol in 
dichloromethane. 7-{(S)-2-[3-hydroxy-3-(5-o-tolyl-furan-2-yi)-prop)d]-5-oxo-pyrrolidin- 
l-yl}-heptanoic acid ethyl ester (54 mg) was obtained as an oil. 

The ester (54 mg) was dissolved in methanol (3 mL) and treated with 5 M aqueous 
10 solution of sodium hydroxide (0.5 mL) and stirred at ambient temperature for 1 hour. 7- 
{(S)-2-[3-hydroxy-3-(5-o-tolyHEuran-2-yl)-propyi]-5-oxo-pyrrolidin-l-)d}-heptanoic acid 
(54)(71) (45 mg, 0.10 mmol) resulted upon treatment with 1 M aqueous hydrochloric acid 
and extraction with ethyl acetate: MS: 428 [(M+H)"^]. 

15 Example 6 

7-lfj;)-5-rf£)-3-Hydroxy-3-f5-trifluoromethyl-furan-2-vlVpropenvl1-33-dim^ 
oxo-pyrrolidin-l-yll-heptanoic acid (55) 



To a solution of (l?)-5-hydroxymethyl-3,3-dimeth)d-pyrrolidin-2-one (4.0 g, 28 
DMnol), prepared as described in Tetrahedron 1998, 54 10295-10307, and ethyl vinyl ether 




Step 1: 



20 



fjRV5-fl-Ethoxy-ethoxymeth^V33-dimethyl-pvrrolidin-2-Qne 




CH3 
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(4 mL, 42 mmol) in chloroform (26 mL), was added a catalytic amount of trifluoroacetic 
add (0.056 mL), and the reaction mixture was stirred for four hours at room temperature. 
The solution was then washed with a saturated solution of sodium bicarbonate and brine, 
and dried over magnesium sulfate. The crude oil obtained after evaporating the solvent, 
5 was purified by chromatography on silica gd using hexanerethyl acetate 1:1 as a solvent, 
giving 2.6 g of (i?)-5-(l-ethoxy-ethoxymethyl)-3,3-dimethyl-pyrrolidin-2-one. 



Step 2; 

7-((i?)-5-Hydroxymethyl-3,3-dimethyl-2-oxo-pyrrolidin-l-ylVheptanoic acid ethyl ester 



10 




A solution of (jR)-5-(l-ethoxy-ethoxymethyl)-3,3-dimethyl-pyrrolidin-2-one (2.58 
g, 11.2 mmol) in dimethylformamide (4 mL) was slowly added to a suspension of sodium 
hydride 60% (450 mg, 11.2 mmol) and potassium iodide (2.27 g, 13.7 mmol) in 
dimethylformamide (13 mL) at 0 under nitrogen. After stirring for one hour at room 
15 temperature, a solution of ethyi-7-bromoheptanoate (2.66 mL, 13.7 nunol) in 

dimethylformamide (5 mL) was added to the reaction mixture, and the flask was warmed 
to 50 X for 72 hours. The solvent was then removed under vacuum and the residue was 
taken up in ethyl acetate. The solution was washed with brine and dried over magnesium 
sulfite. 

20 The residue obtained after concentration was dissolved in methanol (40 mL), and 

catalytic amounts of paratoluenesulfonic acid monohydrate (170 mg) were added to the 
solution. The reaction mixture was stirred for seven hours until deprotection was 
completed The solvent was then removed under vacuum and the residue dissolved in ethyl 
acetate. The solution was washed with saturated solution of sodium bicarbonate and brine, 

25 and dried over magnesitmi sulfate. The crude obtained after concentration imder vacuum 
was purified by chromatography on silica gd, using hexanerethyi acetate 2:1 to 1:2 as a 
solvent to afford 2.3 g of 7-((J?)-5"hydroxymethyl-3,3-dimethyl-2-oxo-pyrrolidin-l-yl)- 
heptanoic add ethyl ester as a transparent oiL 
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Step 3: 



7-((J?)-5-Formyl-3 J-dimethyi--2-oxo-pyrrolidin-l>vl)"heptanoic acid ethyl ester 




'OC2H5 



DMSO, 
CHgCIa 



(COCDa, 




CHO 



•OC2H5 



A solution of dimethylsulfoxide (0.93 mL, 12mmol) in dichloromethane (40 niL) 



5 was cooled to -78 ®C under nitrogen, and a solution of oxalyl chloride (0.820 mL, 9.4 
mmol) in dichloromethane (3 mL) was added to it, over a 2 minute period. The reaction 
mixture was left stirring at -78 ''C ft)r 30 minutes. A solution of 7-((R)-5-hydroxymeth)d- 
3,3-dimethyl-2-oxo-pyrrolidin-l-yl)-heptanoic add ethyl ester (2.25 g, 7.5 mmol) in 
dichloromethane (20 mL) was added slowly. When the addition was complete, the 

10 reaction flask was stirred for 15 minutes at -78 °C. Finally, triethylamine (2.1 mL, 15.0 
mmol) was added slowly to the reaction flask; it was left to reach room temperature and 
stirred for an additional 15 minutes. It was then quenched by adding 20 mL of water and 
20 mL of diethyl ether, and extracted with dichloromethane. The organic phase was dried 
over potassium carbonate and concentrated to dryness. The crude mixture was purified by 

15 chromatography on silica gel using hexane:ethyl acetate 2:1 as a solvent giving 1.5 g of 7- 
((J?)-5-formyl-3,3-dimethyi-2-oxo-pyrrolidin-l-)d)-heptanoic add ethyl ester. 

Step 4: 

7-((J?)-33-Dimethyl-2-oxo-5-ffEV3-oxo-3-f5-trifluoromethyl-furan-2-yl)-propenyl]- 



To a stirred solution of 7-((jR)-5-formyl-3,3-dimethyl-2-oxo-pyrrolidin-l-yl)- 
heptanoic add ethyl ester. (360 mg, 1.21 mmol) and [2-oxo-2-(5-trifluoromethyl-ftiran-2- 
yl)-ethyl]-phosphomc add dimethyl ester (344 mg, 1.21 mmol)( prepared from 5- 
25 trifluoromethyl-ftiran-2-carboxylic add as described herein) in acetonitrile (14 mL), were 
added lithium chloride (62 mg, 1.21 mmol) and diisopropyleth^d amine (0.214 mL, 



pyrroKdin-l-yl}-heptanoic add ethyl ester 



20 




o 
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1.21 mmol). The reaction flask was left stirring at room temperature over the weekend. 
The reaction was then quenched with a saturated solution of ammonium chloride and 
extracted with ethyl acetate. The organic phase was then washed with brine and dried over 
magnesium sulfate, and the crude was purified on silicagel column using hexanerethyl 
5 acetate 2:1. Evaporation of the solvent gave 280 mg of 7-{(i?)-3,3-dimethyl-2-oxo-5-[(£)- 
3-oxo-3-(5-trifluoromethyl-fiu:an-2-yl)-propenyl]-pyrrolidin-l-yl}-heptanoic add ethyl 
ester. 

Step 5: 

10 7-l(RV5-f(£)-3-Hydroxy-3-(5-trifluoromethyI-furan-2-ylVpropenyl1-33-dimethyl^ 

oxo-pyrroUdin-l-yU-heptanoic acid ethyl ester 




Sodium borohydride (37 mg, 0.98 mmol) was slowly added to a solution of 7-{(i?)- 
15 3,3-dimethyl-2-oxo-5-[(£)-3-oxo-3-(5-trifluoromethyl-furan-2-yl)-propenyl]-pyrroUdin- 
l-yl}-heptanoic acid ethyl ester (280 mg, 0.61 mmol) in methanol (4 mL) at -20 **C. The 
reaction flask was kept at -10 °C for 45 minutes. When the addition was complete the 
reaction vessel was kept at -10 C for 40 min. When the reaction was done, it was quenched 
with acetone and concentrated to dryness. The residue was dissolved in ethyl acetate, 
20 washed with brine and dried. After concentration, the crude mixture was purified on a 
silica gel column using hexanerethyl acetate 1:1 as the solvent, giving 90 mg of 7-{(J?)-5- 
[(£)-3-hydroxy-3-(5-trifluorometh^d-fiiran-2-yi)-propenyl]-3,3-dimethyl-2-oxo- 
pyrrolidin-l-yl}-heptanoic acid ethyl ester. 
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Step 6: 

7-^ f f ( £V3-Hydroxv-3- ( 5-trifluQromethvl-fiiran-2-vn-propenvl1 -33-diinethvI-2- 

oxo-pvrrolidin-l-yll-heptanoic acid 




5 7-{(jR)-5-[(£)-3-hydroxy-3-(5-trifluoromethyl-furan-2-yl)-propenyl]^ 
dimethyl-2-oxo-pyrrolidin-l-yl}-heptanoic add ethyl ester (89 mg, 0.2 mmol) was 
dissolved in methanol (3 mL) and the solution cooled in an ice bath. A 20% solution of 
sodium hydroxide (0.280 mL, 1.4 mmol) was slowly added and when the addition was 
complete, die reaction flask was left stirring overnight at room temperature. The reaction 

10 solution was concentrated under vacuum; the residue was suspended in 5 mL of 0.1 N 
solution of sodium hydroxide and it was washed twice with diethyl ether. The solution was 
then acidified with 1 N hydrochloric add and extracted three times with ethyl acetate. The 
organic layer was washed with brine and dried over magnesium sulfate giving after 
concentration 55 mg of 7-{(Jl)-5-[(£)-3-hydroxy-3-(5-trifluoromethyl-furan-2-yl)- 

15 propenyl]-3,3-dimethyl-2-oxo-pyrrolidin-l-yl}-heptanoic add (55) (80). MS: 432 

Similarly replacing the following appropriate intermediates, the following 
compounds of Formula I were prepared: 

The use of dimethyl (2-oxoheptyl)phosphonate in step 4 gives 7-[(J?)-5-((E)-3- 
20 hydroxy-oct-l-enyl)-3,3-dimeth)i-2-oxo-pyrrolidin-l-yl]-heptanoic add (56), MS: m/z 
368 (M^^); 

4,4-dimethyl-5-hydroxymeth)d-2-pyrrolidinone in step 1 gives 7-[2-((£)-3-hydroxy-oct-l- 
enyl)-3,3-dimethyl-5-oxo-pyrrolidin-l-yl]-heptanoic add (57), MS: m/z 368 (M"*^^); 

[2-(cydobutyl-ethyl)-2-oxo-eth)d]phosphonic acid dimethyl ester in step 4 gives 7-[(l?)-5- 
25 ((S)-(£)-5-Cydobutyl-3-hydroxy-pent-l-enyl)-3,3-dunethyl-2-oxo-pyrroUdin-l-^^ 
heptanoic add (58), MS: m/z 380 (M^*); 
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{2-[(3-methoxymelliyl-phenyl)methyl]-2-oxo-ethyl}phosphonic acid dimethyl ester in 
step 4 gives 7-{(J?)-5-[(£)-3-Hydroxy-4-(3-methoxymethyi-phenyi)-but-l-enyi]-3,3- 
diinethyl-2-oxo-pyrrolidin-l-yi}-heptanoic acid (59), MS: nUz 432 (M"^^); 

{2-[3-(4-Methoxybenzyl)-phenyl]-2-oxo-ethyl}phosphonic acid dimethyl ester in step 4 
5 gives 7KW-5-{(£)-3-Hydroxy-3-[3-(4-methoxy-benzyl)-phenyl]-propenyl}-33-dimethyl- 
2-oxo-pyrrohdin-l-yl)-heptanoic acid (60), MS: rn/z 494 (Js/t^); or 
[2-(4'-Chloro-2'-methyl-biphenyl-3-yl)-2-oxo-ethyl]phosphonic acid dimethyl ester in 
step 4 gives 7-{(R)-5-[(E)-3-(4'-Chloro-2'-methyl-biphenyl-3-yl)-3-hydroxy-propenyl]- 
3,3-dimethyl-2-oxo-pyrroHdin-l-yl}-heptanoic acid (61), MS: m/z 499 (M^^). 

0 

Example 7 

7-f(J?)-2-((jE)-3-F 3-f3-Fluoro-phenoxy)-phenyn-3-hvdroxy-propen^l-5-oxo-pvrrQlidin- 

l-vD-heptanoic acid (62) 




15 This example illustrates the synthesis of the phosphonate of the above formula by the 

method described in Scheme B. 

Step 1: 
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A suspension of methyl 3-hydroxybenzoic acid (5.4 g, 35.5 mmol), 3- 
fluorophenylboronic acid (5.5 g, 35.5 mmol), cupric acetate (7.1 g, 35.5 mmol), 3 A 
molecular sieves (9 g), pyridine (12 mL, 145 mmol) in dichloromethane (220 mL) was 
stirred at ambient temperature under ambient atmosphere. After 11 days, the mixture was 
5 filtered through Celite and the volatiles were removed from the filtrate. The desired ester 
(3.68 g) was eluted from silica gel colunm with 5:1 hexane:ethyl acetate and taken onto the 
next step. 



Step 2: 




A tetrahydrofuran (100 mL) solution of dimethyl methylphosphonate (4.0 mL, 37.5 
mmol) was cooled to -78 under argon and treated with normal butyllithium (15,0 mL, 
2.5 M hexane solution, 37.5 mmol) and allowed to stir for 45 minutes. The ester obtained 
from step 1 (4.62 g, 18.7 mmol) was dissolved in tetrahydrofuran (15 mL) and added to the 

15 solution above at -78 °C and the resulting mixture was stirred at 0 °C for 1 hour. At which 
time, the yellow solution was partitioned between aqueous ammonium chloride (100 mL) 
and ethyl ether (200 mL). The organic portion was washed with fresh water (3 x 30 mL), 
then brine, and stored over anhydrous sodium sulfate. Following filtration and removal of 
the volatiles in vacuo, the desired p-ketophosphonate (5.8 g) was obtained as a viscous oil: 

20 NMR (300 MHz, CDCI3) □ 7.78 (dt, /= 0.6, 0.9, 7.8 Hz, 1 H), 7.63 (t, /= 2.1 Hz, 1 H), 
7.48 (t, 7= 8.1 Hz, 1 H), 7.32-7.26 (m , 2 H), 6.90-6.78 (m, 2 H), 6.70 (dt, / = 2.4, 9.9 1 H), 
3.80 (d, 7 = 1 1.2 Hz, 6 H), 3.61 (d, J = 22,6, 2 H). 

Following the method in Example 1, {2-[3-Huoro-phenoxy)-phenyl]-2-oxo-ethyl}- 
phosphonic add dimethyl ester was used to prepare 7-((l?)-2-{(£)-3-[3-(3-Fluoro- 
25 phenoxy)-phenyl] -3-hydroxy-propenyl}-5-oxo-pyrrolidin- l-yl)-heptanoic acid (62) (90), 
MS m/z 456 (M^^). 

Similarly replacing 3-fluorophenylboronic acid in Step 1 with appropriately substituted 
phenylboronic acid, the following compounds of Formula I were prepared: 

phenylboronic acid gives 7-((i?)-2-{(£)-3-(3-phenoxy)-phenyl-3-hydroxy-propenyl}-5- 
30 oxo-pyrrolidin-l-yl)-heptanoic acid (63), MS m/z 438 (M*^); 
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4.methoxyphenylboronic acid gives 7-((/?)-2-{(£)-3-Hyclroxy-3-[3-(4-inethoxy-phenoxy)- 
phenyl]-propenyl}-5-oxo-pyrrolidin-l-yl)-heptanoic acid (64), MS: m/z 46S (M^^); 

4- fluorophenylboronic acid (with a susequent hydrogenation at 1 atm hydrogen gas and 
10% palladium on carbon) gives 7-((5)-2-{(£)-3-Hydroxy-3-[3-(4-fluoro-phenoxy)- 

5 phenyl]-propyl}-5-oxo-pyrrolidin-l-yl)-heptanoic acid (65), MS: 458 w/z (M*^); 

m-tolylboronic acid gives 7-((i?)-2-[(£)-3-Hydroxy-3-(3-m-tolyloxy-phenyl)-propenyl]-5- 
oxo-pyirolidin-l-yl)-heptanoic acid (66), MS: m/z 452 (M*"^); 

5- methoxyphenylboronic acid gives 7-((i?)-2-{(£)-3-Hydroxy-3-[3-(3-methoxy-phenoxy)- 
phenyl]-propenyl}-5-oxo-pyrrolidin-l-yl)-heptanoic acid (67), MS: m/z 468 (M*^); 

10 4-trifluoromethylphenylboromc acid gives 7-((/?)-2-{ (£)-3-Hydroxy-3-[3-(4- 

trifluoromethyl-phenoxy)-phenyl]-propenyl }-5-oxo-pyrrolidin-l-yl)-heptanoic acid (68), 
MS: m/z 506 (M"^); 

(?-tolylboronic acid gives 7-((/J)-2-[(£)-3-Hydroxy-3-(3-^-tolyloxy-phenyl)-propenyl3-5- 
oxo-pyrrolidin-l-yl)-heptanoic acid (69), MS: m/z 452 (M^*); 

15 3-trifluoromethylphenylboronic acid gives 7-((/?)-2-{(£)-3-Hydroxy-3-[3-(3- 

trifluoromethyl-phenoxy)-phenyl]-propenyl}-5-oxo-pyrrolidin-l-'yl)-heptanoic acid (70), 
MS: m/z 506 (M^b; 

2-methoxyphenylboronic acid gives 7-((/?)-2-{(£)-3-Hydroxy-3-[3-(2-methoxy-phenoxy)- 
phenyl]-propenyl}-5-oxo-pyrrolidin-l-yl)-heptanoic acid (71), MS: m/z 468 (M^^); 

20 p-tolylboronic acid gives 7-((/?)-2-[(£)-3-Hydroxy-3-(3-/?-tolyloxy-phenyl)-propenyl]-5- 
oxo-pyrrolidin-l-yl)-heptanoic acid (72), MS: m/z 452 (M*^); 

4-fluorophenylboromc acid gives 7-((i?)-2-{(£)-3-[3-(4-Fluoro-phenoxy)-phenyl]-3- 
hydroxy-propenyl}-5-oxo-pyrrolidin-l-yl)-heptanoic acid (73), MS: m/z 456 (M**^); 

4-chlorophenylboronic acid gives 7-((i?)-2-{(£)-3-[3-(4-chluoro-phenoxy)-phenyl]-3- 
25 hydroxy-propenyl }-5-oxo-pyrrolidin-l-yl)-heptanoic acid (74). MS: m/z 473 (M^^); or 



3-chIorophenylboronic acid gives 7-((/f)-2-{(£)-3-[3-(3-chloro-phenoxy)-phenyl]-3- 
hydroxy-propenyl}-5-oxo-pyrrolidin-l-yl)-heptanoic acid (75), MS: m/z 473 (M*"^). 
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Example 8 

4-l2'\(R)-2-( fEV3-Hydroxy-oct-l-envl)-5-oxo-pyrroUdin-l-yl1-ethvl}-benzoic add (76) 



5 



Step 1: 




10 40 ixiL of DMF were added to 1.27 g (31.67 mmol, 60% dispersion in mineral oil) 

NaH and 5.26g (31.67 mmol) KI at 0^*0 under N2. A solution of 3.50g (30.16 mmol) of 
(S)"(+)-dihydro-5-hydroxymethyl-2(3H)furanone (Aldrich) in 15 mL of DMF was then 
added drop wise. Slurry was allowed to warm to room temperature and stir for 2.5 hours> 
5.4 mL (45.24 mmol) benzyl bromide were then added drop wise and mixture was heated 

15 to 50 and allowed to stir for 16 hours. Reaction was partitioned between 250 mL 
saturated NH4G(aq) and 250 mL ethyl acetate/hexane (60%). Organic layer was washed 
with water (3 x 200 mL), 200 mL brine, dried over Magnesimn Sulfate and concentrated 
under reduced pressure. Crude residue was purified via chromatography, duting with 
35% eth^d acetate/hexane yielding 3.37 g (16.34 mmol, 54% yield) (S)-0-Benz)d-dihydro- 

20 5-hydroxymethyl-2(3H)fiiranone as a yellow oil. 

Step 2: 
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1.98g (9.59 mmol) (S)-0-Benzyl-dihydro-5-hydroxyinethyl-2(3H)furanone and 
3.14g (16.25 mmol) ethyl p-aminoethylbenzoate were dissolved in 50 mL THF and stirred 
at 50°C for 20 hours. Reaction was concentrated and crude residue purified via 
chromatography, eluting with 50% ethyl acetate/hexane yielding 2.24g (5.61 mmol, 58% 
5 yield) Ar-[2-(4-caAoethoxyphenyl)ethyl]-5-benzyloxy-4-hydroxypentananiide as a white 
solid. 

Step 3: 




10 2.24g (5.61 mmol) N*- [2-(4-carboethoxyphenyl)ethyl] -5-benzyloxy-4- 

hydroxypentylamide were dissolved in 40 mL THF and 1.17 mL (8.43 mmol) triethyl 
amine and stirred for 10 minutes. 0.57 mL (7.30 mmol) Methanesulfonyl chloride were 
then added dropwise and the reaction mixture was allowed to stir for 2.5 hours, the 
precipitate was filtered off and residue rinsed with 3 mL THF. To the filtrate was added 

15 1.33 g ( 1 1.85 mmol) t-BuOK and reaction was stirred at room temperature for 2 hours. 
Upon completion reaction was partitioned between 200 mL saturated NH4Cl(aq) and 250 
mL ethyl acetate. Organic layer was washed with 100 mL H20, 200 mL brine, dried over 
MgS04, and concentrated under reduced pressure. Crude oil was purified via 
chromatography, eluting with 1% MeOH/CH2Cl2 yielding 1.78 g (4.69 mmol, 83% yield) 

20 of (J?)-N*-[2-(4-carboethox)^henyl)eth^d]-5-benzyioxymethyl-2-pyn:oHdinone as a dear 
oil. 

Step 4: 
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1.78 g (4.69 mmol) (i?)-N'-[2-(4-Carboethoxyphenyl)eth)4]-5-benzyloxymethy^ 
pyrrolidinone were dissolved in 20 mL ethanol. Reaction was sparged with Argon gas 
before adding 0.63 g 10% Pd/C and 0.095 g (0.55 mmol) p-toluenesulfonic acid. Reaction 
vessel was then evacuated and purged with hydrogen gas and allowed to stir at room 
5 temperature 4 hours and then filtered through CeUte®. The filtrate was concentrated, 
resulting in 1.35 g (4.63 nunol, 98% yield) of (R)-N'-[2-(4-carboethoxyphenyl)ethyl]-5- 
hydroxymethyi-2-pyrrohdinone as dear and colorless oil. 

Step 5: 

The alcohol obtained in the above step is then converted into the desired ester and 
10 add by steps described in Scheme A above while utilizing the combination of catalytic 
amounts of (i?)-2-methyl-"CBS''-oxazaboroUdine with stoichiometric borane-dimeth)d 
sulfide as described by E. J. Corey, et al, J. Am. Chem. Sac. 1987, J09, 7925-7926 to 
produce the alcohol-ester shown: [(M+H)'**=388]. 




Hydrolysis of above ester as previously described gives the benzoid add (76), MS: 
m/z 360 (M+1) as a white powder. 

Replacing ethyl-p-aminoethylbenzoate in Step 2, following compounds of Formula 
I were prepared: 

20 methyl p-(3-aminopropyl)benzoate gives 4-{ 3-[(/?)-2-((£)-3-Hydroxy-oct-l-enyl)- 

5-oxo-pynoUdin-l-yl]-propyl}-benzoic acid (77), MS: m/z 374 (M+l)"**; 

methyl /n-(3-aminopropyl)ben2oate gives 3-{3-[(/J)-2-((£)-3-Hydroxy-oct-l-enyl)- 
5-oxo-pyrrolidin-l-yl]-propyl}-benzoic acid (78), MS: m/z 374 (M+l)**"; 

methyl <?-(3-aminopropyl)benzoate gives 2-{3-[(/J>2-((iS)-3-Hydroxy-oct-l-enyl)- 
25 5-oxo-pyirolidin-l-yll-propyl }-benzoic acid (79), MS : m/z 374 (M+1)*; 
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l-(2-aimnoethyl)-liy-pyrazole-4-carboxylic acid gives l-{2'[{Ry2'((E)-3' 
Hydroxy-oct-l-enyl)-5-oxo-pym>Hdin-l-yl]-ethyl}-lif-pyrazole acid (80), 

MS: m/z 349 (M+1)^ 

Alternatively starting with [2-(4'chloro-2*-methyi-biphen-3-yl)-2-oxo-ethyl] - 
5 phosphonic acid dimethyl followed by reduction with 1 atm hydrogen gas, catalytic 10% 
palladium on carbon in EtOAc, L5 h, and then subjected to reduction conditions described 
by E. J. Corey, et al, J. Am. Chem. Soc. 1987, 109, 7925-7926 using the (S)-2-methyl-CBS 
catalyst, 1 M toluene solution from Aldrich, gives 4-(2-{(S)-2-[(i?)-3-(4 -Chloro-2*- 
methyl-biphenyl-3-yi) - 3 -hydroxy-propyl] -5-oxo-pyrrolidin- 1 -yl} -ethyl) -benzoic acid (81), 
10 MS: m/z 493 (M+ 1 or using 

ethyl 5-(2-aminoethyl)-thiophene-2-carboxylic add gives 5-[(J?)-2-((jB)-3-Hydroxy-oct-l- 
enyi)-5-oxo-pyrrolidin-l-yl]-ethyl)-thiophene-2-carbox)dic add (82), MS: m/z 366 
(M+1)^ 



15 Example 9 

The following are representative pharmaceutical formulations containing a 
compound of Formula I. 

Tablet formulation 

The following iagredients are mixed ultimately and pressed into single scored tablets. 

20 



Quantity per 




Ingredient 


tablet, mg 


compound of this invention 


400 


cornstarch 


50 


croscaramellose sodium 


25 


lactose 


120 


magnesium stearate 


5 
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Capsule formulation 

The following ingredients are mixed intimately and loaded into a hard-shell gelatin 
capsule. 



Quantity per 

Ingredient capsule, mg 
compound of this invention 200 
lactose, spray-dried 148 
10 magnesium stearate 2 
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Suspension fonnulation 
The following ingredients are mixed to form a suspension for oral administration. 



Ingredient Amount 

5 compound of this invention 1 .0 g 

fumaric add 0.5 g 

sodium chloride 2.0 g 

methyl paraben 0. 15 g 

propyl paraben 0.05 g 

10 granulated sugar 25.5 g 

sorbitol (70% solution) 12.85 g 

Veegum K (Vanderbilt Co.) 1.0 g 

flavoring 0.035 mL 

colorings 0.5 mg 

15 distilled water q.s. to ICQ mL 



20 
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Injectable formulation 
The following ingredients are mixed to form an injectable formulation. 

Ingredient Amount 
5 compound of this invention 0.4 mg 

sodium acetate buffer solution, 0.4 M2.0 mL 
HCl (IN) or NaOH (IN) q.s. to suitable pH 
water (distilled, sterile) q.s. to 20 mL 



10 
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Example 10 

Functional ac tivity of EP^ (or EPg) receptor bv a Luciferase Assay 
The receptor expressed EP4 (or EP2) cells were subcultured in F12 (Gibco, BRL) 
media containing 10% FBS ( Gibco, BRL), and 25 mM Hepes to 96-well plates (Packard) 
5 and incubated overnight. The culture media was removed in the next morning. The cells 
were washed twice with Hanks buffer, and re-famish with F12 media containing 0.1% 
BSA. After pre-incubated the culture for one and half to three hours, compounds of 
interest were added to culture and the incubation was continued for another three hours. 
The luciferase activities in the cells were measured by LucLite, which is manufactured by 
10 Packard, with the protocol recommended by Packard. 

Example 11 

Competitive bi nding assay of f^Hj PGEo to rKP , or rEP^ receptor 

The cells were maintained in culture then harvested upon confluency. The 
15 membrane was prepared by two times of centrifugation (12,000 x g for 15 min) following 
lysis of cells by polytron homogenization of 15 sec. in 10 volume of 20mM Hepes pH7.4 
containing 1 mM EDTA, lOmM Mga2, 20 uM indomethacin at 4**C;The inhibition of 
compounds in the [^H]PGE2 binding assay were performed in the previously described 
buffer containing 3nM [^H]PGE2, 2% DMSO, various concentrations of compound and 
20 25 \xg of protein from the membrane fraction. Incubations were conducted for 1 hr at 
30°C prior to separation of the bound and free radioligand by rapid filtration. Residual 
[^H]PGE2 bound to the filter was quantitated by liquid scintillation counting. The Ki of a 
compound was calculated by the program of one site binding calculation of Prism. 



25 
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Compound 


EP4 
(Ki) 


7-{5-[(E)-3-Hydtoxy-4-(3-methoxymethyl--phenyl)-but-l- 
enyl]-3,3-ciimethyl-2-oxo-pyrrolidin-l-yl}-heptanoic add 


0.07 


7-((R)-5-{(E)-3-Hydroxy-3-[3-(4^methoxy-benzyi).phenyi]- 
propenyl}-3,3-dimethyl-2-oxo-pyrrolidin-l-yl)-heptanoicacid 


0.080 


7-((R)-2-{(E)-3-[3-(4-Chloro-phenoxy)-phenyl]-3-hydroxy- 
propenyl}-5-oxo-pyrrolidin- l-yl)-heptanoic add 


0.010 


7-{ (R)-2- [ (E)-3-(4'-Chloro.2*.methyl-biphenyl-3.yl).3- 
hydroxy-propenyl] -5-oxo-pyrrolidin- l-yi}-heptanoic add 


0.003 


7-{(R)-2-[3-(4'-Chloro-2'-methyl-biphenyl-3-yl)-3-hydroxy- 
propyl]-5-oxo-pyrroIidm-l-yi}-heptanoic add 


0.008 



Example 12 

Bone Mass Density Assay 

The compounds of this invention were evaluated for their effect on bone mass in 
5 ovariectomized rats. 

Adult Sprague-Dawley or Wistar Hanover female rats were dther sham operated or 
ovariectomized by Charles River. On receipt, rats were housed in pairs in an 
environmentally controlled room and acclimatized for at least one week. Animals were 
pair fed while were housed on site. 

10 Test compound was administered subcutaneously once a day started from 20 days 

post surgery for 5 weeks in 10% EtOH/saline or 20 mM phosphate buffer. 

Before the treatment and at the end of the treatment, rats were scanned using High 
Resolution Software Package on a Hologic QDR-4500 Bone Densitometer to measure the 
bone mineral density (BMD). Scans were then analyzed using r^ons of interest, as 
15 designated below: whole femur, proximal femur, femur diaphysis, distal femur, distal 
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femur metaphysis, proximal tibia, proximal tibia metaphysis, L2-L4 vertebrae, L5 
vertebrae. 

For a verification of the effect of ovariectomy on bone mass, the sham and OVX of 
like vehide groups were compared using a students t-test The OVX groups were 
5 compared by one way analysis of variance (ANOA), followed by Fisher*s LSD to compare 
each treatment group to vehicle when the overall effect was statistically significant. The 
data could be ranked prior to the above analysis and corresponding non-parametric 
analysis were performed (Wilcoxon rank-sum test or Kruskal-Wallis). 

Ovariectomy induced substantial total bone loss, primarily from trabecular bone. 
10 Total BMD was 5-20% lower than for sham operated controls. 
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Claims 

1. A compound of Formula I: 




wherein: 

5 A is -CH2-CH2-, or -CH=CH-; 

B is absent, aryi, or heteroaryi; 

Z is -C(0)OR', -C(0)NR'R", -C(0)NS02R\ -PR'(0)(ORO, -PO(OR')2, or tetrazol- 
5-yl; wherein R' and R" are independently from each other hydrogen or 
(Ci.C6)alkyl; 

10 mis 1,2, 3,4, 5, or 6; 

is alkyl, alkenyl, alkynyl, cycloalkylalkyl, heterocyclylalkyl, aryl, arylalkyi or 
heteroaryi, when B is aryi or heteroaryi and R^ R^, R^ and R^ are not 
simultaneously hydrogen, or R^ is heterocyclylalkyl, aryl, or heteroaryi when B is 
absent and R^, R^, R^ and R^ are simultaneously hydrogen; 

15 R^ is hydrogen or (CuC6)alkyl, (Ci.C6)alkenyl, or (Ci.C6)alkynyl; 

R^, R^, R^ and R^ are each independently from each other hydrogen or (Ci-Q) 
alkyl; or R^ and R^ R^ and R^ or R^ and R^ taken together with the atom to which 
they are attached may form a (C3-C7) alkyl ring; or 

a pharmaceutically acceptable salt or solvate, single isomer or racemic or non- 
20 racemic mixture of isomers thereof. 

2. The compound of Qaim 1, wherein B is absent and R^ is an aryl optionally 
substituted with a substituent selected from the group consisting of trifluoromethyl, 
halogen, -Y-R"; -Y-OR^ and -Y-C(0)R*; Y is a bond or a (Ci-C3)alkylene group, and 
25 R* is (CrC6)alkjd, ar)d, heterocyd^, heteroarjd, or heterocydyl. 
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3. The compound according to claim 1 or 2> wherein is an unsubstituted 
phenyl. 

4. The compound according to claim 1 or 2, wherein is a phenyl substituted 
with a substituent selected from the group consisting of trifluoromethyi, halogen, 
-Y-R^ -Y-OR^ and -Y-C(0)R^ Y is a bond or a (CrC3)alkylene group, and R^ is 
(Ci-C6)alkyl, aryl, heterocydyl, heteroaryl, or heterocydyl. 

5. The compound according to any one of daims 1 to 4, wherein R' is a phenyl 
optionally substituted with a substituent sdected from the group consisting of (Cr 
C6)alkyl, (Ci-C6)alkoxy, trifluoromethyi, and halogen. 

6. The compound according to any one of claims 1 to 5, wherein R^ is a phenyl 
substituted with at least one -Y-R^ wherein Y is a bond or a (Ci-C3)alkylene group; 
R^ is a phenyl optionally substituted with a substitutent selected from the group 
consisting of (CrC6)alkyl, (Ci-C6)alkoxy, trifluoromethyi and halogen. 

7. The compound according to any one of daims 1 to 6, wherein R^ is a phenyl 
substituted with at least one -Y-R^, wherein Y is a bond or a (Ci-C3)alkylene group; 
R* is an optionally substituted heteroar)d. 

8. The compound according to any one of claims 1 to 7, wherein R^ is a phenyl 
substituted with at least one -Y-OR*, wherein Y is a bond or a (CrC3)alkylene 
group; and R^ is a phenyl substituted with a substituent sdected from the group 
consisting of (Ci-C6)alkyl, (Ci-C6)alkoxy, trifluoromethyi, and halogen. 

9. The compound according to any one of daims 1 to 8, wherein R* is a phenyl 
substituted with at least one -Y-C(0)R*, wherein Y is a bond or a (Ci-C3)alkylene 
group; and R^ is phen)4 optionally substituted with at least one substituent sdected 
from the group consisting of (Ci-C6)alkyl, (CrC6)dlkoxy, trifluoromethyi, and 
halogen. 

10. The compound according to any one of daims 1 to 9, wherein B is absent and 
R^ is heteroaryl. 

11. The compoxmd according to any one of daims 1 to 10, wherein R^ is a 
heteroaryl substituted with a substituent is sdected from the group consisting of 
trifluoromethyi, halogen, -Y-R^ -Y-OR^ and -Y-C(0)R^ wherein Y is a bond or a 
(Ci-C3)alkjdene group; and R* is (Ci-C6)allcyl, aryl, heterocydyl, heteroarjd, or 
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heteroqrdyi. 

12, The compound according to any one of claims 1 to 1 1, wherein B is absent, 
and are (Q-Q)alkyi. 

13* The compound according to any one of claims 1 to 12, wherein R^ is a phenyl 
5 optionally substituted with a substituent selected from the group consisting of 

trifluorometh^, halogen, -Y-R*, -Y-OR*, and -Y-C(0)R*; Y is a bond or a (d- 
C3)alkylene group; and R* is (CrC6)alkyl, aryl, heterocydyl, heteroaryl, or 
heterocydyl. 

14. The compound according to any one of claims 1 to 13, wherein R^ is a 
10 heteroaryl optionally substituted with a substituent selected from the group 

consisting of trifluoromethyl, halogen -Y-R% -Y-OR*, and -Y-C(0)R^ wherein Y is 
a bond or a (Ci-C3)alkylene group; and R^ is (Ci-C6)alkyl, aryl, heterocydyl, 
heteroaryl, or heterocydyl, 

15. The compound according to any one of claims 1 to 14, wherein R^ is alkyi or 
15 cydoalkylalkyl. 

16. The compound according to any one of claims 1 to 15, wherein A is 
— CH2-CH2. 

17. The compoimd according to any one of daims 1 to 16, wherein B is absent and 
Ais-CH2-CH2. 

18. The compound according to any one of claims 1 to 17, wherein B is absent 
and R^ is a phenyl optionally subsituted with a substituent sdected from the group 
consisting of trifluoromethyl, hdogen, -Y-R^ -Y-OR^ and -Y-C(0)R^ wherein Y is 
a bond or a (Ci-C3)alkylene group; and R* is (Ci-C6)alkyl, aryl, heterocydyl, 
heteroaryl, or heterocydyl. 

19. The compound according to any one of daims 1 to 16, wherein B is an aryl, m 
is one or two and R^ is alkyl, aryl or heteroaryl. 

20. The compound according to any one of claims 1 to 19, wherein R^ is an 
optionally substituted phenjd. 

21. The compound according to any one of daims 1 to 19, wherein R^ is alkyl. 



20 



25 
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22. The compound according to any one of claims 1 to 21, wherein B is a 
heteroaryi, m is one or two and is alkyi. 

23. A compound according to any one of claims 1 to 22 selected from the group 
consisting of: 

5 7-{(i2)-2-[(£)0-(4'-Chloro-2'-methyi-biphenyl-3-yl)-3-hydroxjr-propyl]"5-oxo- 
pyrrolidin-l-yl}-heptanoic acid; 

7-{(J?)-5-[(£)-3-Hydroxy'-3-(5-trifluoromethyl-furan-2-yl)-propenyl]-^ 
dimethyl-2-oxo-pyrrolidin-l-yl}-heptanoic acid; 

7-{(JR)-5-[(£)-3-Hydrox)r-4-(3-methox5raethyl-phenyl)-but-l-enyl]-3,3-^^ 
10 2-oxo-pyrrolidin-l-yl}-heptanoic add; 

7-((i?)-2-{(£)-3-[3-(4-chloro-phenoxy)-phenyl]-3-hydroxy-propenyi}-5-oxo- 
pyrrolidin-l-yl)-heptanoic acid; 

4- {2-[(l?)-2-((£)0-Hydroxjr-oct-l-enyl)-5'Oxo-pyrroUdin-l-yl]-ethyl}.beM^^ 
acid; 

15 4.(2.{(S)-2-[(i?)«3.(4'-CMoro-2^-methyl-biphenyl-3-yl)-3-hydroxy-prop)d]-5-^ 
pyrrolidin-l-yi}-ethyl)-benzoic add; and 

5- [(J?)-2-((£)-3-Hydroxy-oct-l-enyl)-5-oxo-pyrrolidin-l-yl]-ethyl)-thiophene-2- 
carboxylic acid. 

24. A process for preparing a compound according to any one of daims 1 to 23 
20 which comprises reacting a compoimd of general formula a 



7j a 



wherein m, R^, R^ R^ and R^ are as defined in Claim 1 and wherein R* is meth^ or 
ethyl, with a phosphonate of general formula in 
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\ 



o o 
m 

wherein R' is as defined in Claim 1, followed by reduction and optional hydrolysis 
to give a compound of Formula I 



R2 

I °" 

5 wherein is hydrogen and m, R^, R^, R^ R^ and Z are as defined in Claim 1. 

25. Compounds in accordance with any one of claims 1 to 23 for use as 
therapeutically active substances. 

26. Compounds in accordance with any one of daims 1 to 23 for the production of 
medicaments for the prophylaxis and therapy of diseases associated with bone 

10 disorders. 

27. The use of a compound in accordance with any one of claims I to 23 for the 
production of medicaments for the treatment and prophylaxis of diseases 
associated with bone disorders. 

28. A compoimd in accordance with any one of claims 1 to 23, when manufactured 
15 according to claim 24. 

29. A pharmaceutical composition comprising a therapeutically effective amount 
of a compbund according to any one of claims 1 to 23 in admixture with at least 
one suitable carrier diluent or exdpient 

30. A method of treatment of a disease in a mammal treatable by administration of 
20 a selective EP4 prostaglandin agonist comprising administration to the mammal a 

therapeutically effective amount of a compound according to any one of daims 1 to 
23. 



31. The method of Claim 30, wherdn the disease is assodated with bone disorders. 



wo 03/008377 PCT/EP02/07574 

-79- 

32, The invention as hereinbefore described. 
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